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Cyclopenta[a]naphthalene derivatives 

The present invention relates to cycIopenta[a]naphthalene derivatives, to 
liquid-crystalline media comprising these derivatives, and to electro-optical 
display elements containing these liquid-crystalline media. In particular, the 
invention relates to cyclopenta[a]naphthalene derivatives of negative 
dielectric anisotropy. 



Liquid crystals have found widespread use since the first commercially 
10 usable liquid-crystalline compounds were found about 30 years ago. 

Known areas of application are, in particular, displays for watches and 
pocket calculators, and large display panels as used in railway stations, 
airports and sports arenas. Further areas of application are displays of 
portable computers and navigation systems and video applications. For the 
15 last-mentioned applications in particular, high demands are made of the 
response times and contrast of the images. 



The spatial arrangement of the molecules in a liquid crystal has the effect 
that many of its properties are direction-dependent. Of particular impor- 

20 tance for use in liquid-crystal displays are the optical, dielectric and elasto- 
mechanical anisotropies. Depending on whether the molecules are orient- 
ed with their longitudinal axes perpendicular or parallel to the two plates of 
a capacitor, the latter has a different capacitance; in other words, the 
dielectric constant e of the liquid-crystalline medium has different values for 

25 the two orientations. Substances whose dielectric constant is greater when 
the longitudinal axes of the molecules are oriented perpendicular to the 
capacitor plates than when they are oriented parallel are referred to as 
dielectrically positive. In other words, if the dielectric constant S|| parallel to 
the longitudinal axes of the molecules is greater than the dielectric con- 

30 stant 8i perpendicular to the longitudinal axes of the molecules, the 

dielectric anisotropy As = s\\ - e± is greater than zero. Most liquid crystals 
used in conventional displays fall into this group. 



35 



Both the polarisability of the molecule and the permanent dipole moment 
play a role for the dielectric anisotropy. On application of a voltage to the 
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display, the longitudinal axis of the molecules orients itself in such a way 
that the larger of the dielectric constants becomes effective. The strength 
of the interaction with the electric field depends on the difference between 
the two constants. In the case of small differences, higher switching volt- 
5 ages are necessary than In the case of large differences. The Introduction 
of suitable polar groups, such as, for example, nitrile groups or fluorine, 
Into the liquid-crystal molecules enables a broad range of working voltages 
to be achieved. 

10 In the case of the liquid-crystalline molecules used in conventional liquid- 
crystal displays, the dipole moment oriented along the longitudinal axis of 
the molecules Is larger than the dipole moment oriented perpendicular to 
the longitudinal axis of the molecules. The orientation of the larger dipole 
moment along the longitudinal axis of the molecule also determines the 

15 orientation of the molecule in a liquid-crystal display in the field-free state. 
In the most widespread TN ("twisted nematic") cells, a liquid-crystalline 
layer with a thickness of only from about 5 to 10 pm is arranged between 
two plane-parallel glass plates, onto each of which an electrically conduc- 
tive, transparent layer of tin oxide or indium tin oxide (ITO) has been 

20 vapour-deposited as electrode. A likewise transparent alignment layer, 

usually consisting of a plastic (for example polyimides), is located between 
these films and the liquid-crystalline layer. This alignment layer serves to 
bring the longitudinal axes of the adjacent liquid-crystalline molecules into 
a preferential direction through surface forces in such a way that, in the 

25 voltage-free state, they lie uniformly on the inside of the display surface 
with the same alignment In a flat manner or with the same small tilt angle. 
Two polarisation films which only enable linear-polarised light to enter and 
escape are adhesively bonded to the outside of the display in a certain 
arrangement. 

30 

By means of liquid crystals in which the larger dipole moment is oriented 
parallel to the longitudinal axis of the molecule, very high-performance 
displays have already been developed. In most cases here, mixtures of 
from 5 to 20 components are used in order to achieve a sufficiently broad 
35 temperature range of the mesophase and short response times and low 



P03166 TRANS GB PCT.doc 



-3- 

threshold voltages. However, difficulties are still caused by the strong 
viewing-angle dependence in liquid-crystal displays as are used, for 
example, for laptops. The best imaging quality can be achieved if the sur- 
face of the display is perpendicular to the viewing direction of the observer. 

5 If the display is tilted relative to the observation direction, the imaging 
quality deteriorates drastically under certain circumstances. For greater 
comfort, attempts are being made to maximise the angle through which the 
display can be tilted from the viewing direction of an observer without 
significantly reducing the imaging quality. Attempts have recently been 

10 made to improve the viewing-angle dependence using liquid-crystalline 

compounds whose dipole moment perpendicular to the longitudinal axis of 
the molecules is larger than that parallel to the longitudinal axis of the 
molecule. The dielectric anisotropy As is negative. In the field-free state, 
these molecules are oriented perpendicular to the glass surface of the dis- 

15 play. By achieving a plurality of domains, it has been possible to achieve 
an improvement in the viewing-angle dependence using liquid-crystalline 
media of negative dielectric anisotropy. This technology can also be used 
to achieve shorter response times in displays and better contrast values. 
Displays of this type are known as VA-TFT ("vertically aligned") displays. 

20 

DE 44 34 975 A1 discloses tricyclic compounds of the general formula 



25 




in which the symbols and indices are defined as follows: 

30 is -F, -CN, -CI, -CF3 or has, independently of R^, one of the meanings 

mentioned for R^; 

R^ is H or a straight-chain or branched alkyi radical having from 1 to 20 
carbon atoms (with or without an asymmetrical carbon atom), in which, in 
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addition, one or more -CH2- groups (but not those bonded directly to the 
five-membered ring) may be replaced by -0-, -S-, -CH=CH-, -C^C-, cyclo- 
propane«1 ,2-diyl, -Si(CH3)2-, 1 ,4-phenylene, 1 ,4-cyclohexylene, 1,3-cyclo- 
pentylene, 1 ,3-cyclobutylene or 1,3-dioxane-2,5-diyl, with the proviso that 
oxygen atoms and sulfur atoms must not be bonded directly, and in which, 
in addition, one or more H atoms of the alky! radical may be substituted by 
F, CI, Br or OR^ (where = H or straight-chain Ci-Ce-alkyI). or an optically 
active or racemic group; 



is 1 .4-phenylene, 1 ,4-cyclohexylene, pyridine-2,5-diyl, pyrimidine-2,5- 
diyl, 1,3,4-thiadiazole-2,5-diyl, 1,3-thiazole-2,5-diyl. 1,3-thiazole-2.4-dlyl, in 
which, in addition, one or more hydrogens may be substituted by F; 

is a single bond, -C=C-, -CH2CH2-, -0-C0-, -C0-0-, -CO-, -OCH2-. 
-CH2O- or -0-C0-0-; and m is zero or one. 

US Patent Application US 2003/0108684 A1 furthermore discloses tricyclic 
compounds of the general formula 




in which the symbols and indices are defined as follows: 
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is H, F, CF3, OCF3, OCF2H, OCFH2, an alkyi radical or an alkoxy radical 
or an alkenyl radical or an alkenyloxy radical; is H or an alkyI radical or 
an alkoxy radical or an alkenyl radical or an alkenyloxy ad; is 
-C(=0)0-, -0C(=0)-, -CH2O-, -OCH2-, -OCF2-, -CF2O-. -C^C-, -CH2CH2-, 

5 -CF2CF2-. -CF=CFC(=0)0- or a single bond; is -C(=0)0-, -0C(=0)-, 
-CH2O-, -OCH2-, -CH2CH2-, -CF2CF2- or a single bond; and are 
phenyiene-1 ,4-diyl or cyclohexane-1,4-diyl, each of which is unsubstituted 
or mono- or disubstituted by F, or cyclohexene-1 ,4-diyl or 1 ,3-dioxane-2.5- 
diyl, each of which is unsubstituted or monosubstituted by F; m and n are 

10 0 or 1 , where m+n = 0 or 1 ; L\ L^, L^, and are, independently of one 
another, H or F, where at least one of L\ L^, L^. L"^ and is F, L\ and 
are H if is F, and L"^ and are H if is F. The five-membered ring 
fused to the naphthalene structure has (with the exception of two interme- 
diates containing a cyclopentanone ring which are formed in the synthesis 

15 of the above-mentioned compounds) no further substituents apart from the 
-(-M^-A^-)n-R^ radical and also contains no further endocyclic double 
bonds. 

However, the dielectric anisotropy As of the compounds disclosed in these 
20 two documents is not sufficient to ensure satisfactory properties, in par- 
ticular sufficiently low characteristic voltages, for example in VA-TFT dis- 
plays. 

Development in the area of liquid-crystalline materials is far from complete. 
25 In order to improve the properties of liquid-crystalline display elements, 
attempts are constantly being made to develop novel compounds which 
enable such displays to be optimised. 

An object of the present invention is therefore to provide compounds hav- 
30 ing advantageous properties for use in liquid-crystalline media. They 

should preferably have negative dielectric anisotropy, which makes them 
particularly suitable for use in liquid-crystalline media for VA displays. 

This object is achieved in accordance with the invention by a cyclopenta- 
35 [ajnaphthalene derivative of one of the general formulae I, II, III, IV and V 
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is in eacli case, independently of one another, 1 ,4-phenyiene, in 
which =CH- may be replaced once or twice by =N-, and which may 
be monosubstituted to tetrasubstituted, independently of one 
another, by halogen (-F, -CI, -Br, -I), -CN, -CH3. -CH2F, -CHF2, 
"CF3, -OCH3, -OCH2F, -OCHF2 or-OCFs, 1,4-cyclohexylene, 1,4- 
cyclohexenylene or 1 ,4-cyclohexadienylene, in which -CH2- may in 
each case be replaced once or twice, independently of one 
another, by -O- or -S- in such a way that heteroatoms are not 
linked directly, and which all may be monosubstituted or poly- 
substituted by halogen; 



25 



is in each case, independently of one another, a single bond, a 
double bond, -CF2O-, -OCF2-, -CH2CH2-, -CF2CF2-, -CF2-CH2-, 
-CH2-CF2-, -CHF-CHF-, -C(0)0-, -0C(0)-, -CH2O-. -OCH2-, 
-CF=CH-. -CH=CF-, -CF=CF-, -CH=CH- or -C^C-; 



30 



is hydrogen, an all<yl, alkoxy, alkenyl or alkynyl radical having from 
1 to 15 or 2 to 15 carbon atoms respectively which is unsubstitu- 
ted, monosubstituted by -CF3 or at least monosubstituted by halo- 
gen, where, in addition, one or more CH2 groups in these radicals 
may each, independently of one another, be replaced by -0-, -S-, 
-CO-, -COO-, -OCO- or -OCO-O- in such a way that heteroatoms 



35 



P03166 TRANS GB PCT.doc 



-8- 

are not linked directly, halogen, -CN. -SCN, -NCS, -SF5, -CF3, 
•OCF3, -OCHF2 or -OCH2F; 

X\ X''^, X^^, X^ and X^ are each, independently of one another, hydrogen, 
5 an alkyi, alkoxy, alkenyl or alkynyl radical having from 1 to 15 or 

2 to 1 5 carbon atoms respectively which is unsubstituted or at least 
monosubstituted by halogen, where, in addition, one or more CH2 
groups in these radicals may each, independently of one another, 
be replaced by -0-, -S-, -CO-, -COO-, -OCO- or -OCO-O- in such a 
10 way that heteroatoms are not linked directly, halogen, -CN, -SF5, 

-SCN. -NCS, -CF3, -OCF3, -OCHF2 or -OCH2F; 

and are each, independently of one another, hydrogen, an alkyI, 
alkoxy, alkenyl or alkynyl radical having from 1 to 15 or 2 to 15 

15 carbon atoms respectively which is unsubstituted or at least mono- 

substituted by halogen, where, in addition, one or more CH2 
groups in these radicals may each, independently of one another, 
be replaced by -0-, -S-, -CO-, -COO-, -OCO- or -OCO-O- in such a 
way that heteroatoms are not linked directly, halogen, -CN. -SCN, 

20 -NCS, -SF5. -CF3. -OCF3, -OCHF2. -OCH2F or -(Z-A-)n-R; and 

n is 0, 1, 2 or 3; 
where 

25 

in the formula I, ring B does not stand for the formula c if X\ X^ and X^ are 
simultaneously hydrogen, and 

in the formula I, ring B does not stand for the formula e if X^ and X^ are 
simultaneously fluorine or if E^ is hydrogen and simultaneously X^ and X^ 
30 are fluorine. 

Preference is given to cyclopenta[a]naphthalene derivatives of the general 
formulae I, III and V. and particular preference is given to cyclopenta[a]- 
naphthalene derivatives of the general formulae I and V. 

35 
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The compounds all have negative As and are therefore suitable, in par- 
ticular, for use in VA-TFT displays. The compounds according to the 
invention preferably have a As of < -2 and particularly preferably a As of 
< -5. The dielectric anisotropy of the compounds according to the invention 
5 enables satisfactorily low characteristic voltages to be achieved, in 

particular in VA-TFT displays. The compounds exhibit very good compati- 
bility with the usual substances used in liquid-crystal mixtures for displays. 

Furthermore, the compounds of the formulae I to V according to the inven- 
1 0 tion have values for the optical anisotropy An which are particularly suit- 
able for use in VA-TFT displays. The compounds according to the inven- 
tion preferably have a An of greater than 0.02 and less than 0.20, particu- 
larly preferably less than 0.15. 

1 5 The other physical, physicochemical or electro-optical parameters of the 
compounds according to the invention are also advantageous for use of 
the compounds in liquid-crystalline media. The compounds have, in par- 
ticular, a sufficient breadth of the nematic phase and good low-tempera- 
ture and long-term stability as well as sufficiently high clearing points and 

20 good viscosities and response times. 

It is preferred for at least one of the radicals x\ and or X^^, X^ 
and X^ on the naphthalene structure of the formula I, II. III. IV or V to be 
other than hydrogen. 

25 

It is furthermore preferred for ring B to have at least one electronegative 
substituent (-F or =0). These substituents on ring B are oriented in the 
same direction, i.e. the same side of the molecule, as the radicals X\ X^^, 
X^^ X^ and xl 

30 

The substituents x\ X^^. X^^, X^ and X^. preferably CF3. fluorine and/or 
chlorine substituents, in particular fluorine substituents, in the naphthalene 
structure and the electronegative atoms in ring B generate a dipole 
moment perpendicular to the longitudinal axis of the molecules, which can, 
35 if desired, be further strengthened by suitable substituents in the wing units 
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-(Z-A-)n-R. In the field-free state, the compounds of the formulae I to V 
orient themselves with their longitudinal axis of the molecules perpen- 
dicular to the treated or coated glass surface of the display. 



10 



15 





^ a 



is preferably 
p H 



or 




particularly preferably the fluorine-substituted rings a, b, f. g and h, in 
particular ring a. 



In the general formulae I to V, A are preferably, independently of one 
another (i.e. if n > 1 , so that a plurality of identical or different rings A are 
20 present), optionally substituted 1 ,4-phenylene, optionally substituted 1,4- 
cyclohexylene, in which -CH2- may be replaced once or twice by -0-, or 
optionally substituted 1 .4-cyclohexenylene. 



25 



30 



35 



A are particularly preferably, independently of one another, 




// \ 
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A are very particularly preferably 1 ,4-cyclohexylene rings and/or optionally 
mono- or poly-fluorine-substituted 1 ,4-phenylene rings. 

If and/or are -(-Z-A-)n-R. A are preferably 1 ,4-cyclohexylene rings or 
optionally fluorine-substituted 1 ,4-phenylene rings. 

Preferred groups Z in the compounds of the general formulae I to V are 
each, independently of one another, a single bond, -CF2O-, -OCF2-, 
-CF2CF2-, -CH=CH-, -CF=CH-, -CH=CF- or -CF=CF-, particularly prefera- 
bly a single bond, -CF2O-, -OCF2-, -CF2CF2-, -CF=CH-, -CH=CF- or 
-CF=CF-. If E^ and/or E^ are -(-Z-A-)n-R, Z is In particular in each case a 
single bond. 

R, E\ E^, X\ X^^, X^", X^ and X^ In the general formulae I to V may each, 
independently of one another, be an alkyi radical - i.e. an aliphatic satu- 
rated hydrocarbon radical - and/or an alkoxy radical (alkyloxy radical) - I.e. 
an aliphatic saturated hydrocarbon radical having a temrilnal O atom - 
having from 1 to 15 carbon atoms, which Is straight-chain or branched. It is 
preferably straight-chain, has 1 , 2, 3, 4. 5, 6 or 7 carbon atoms and 
accordingly is preferably methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
methoxy, ethoxy, propoxy, butoxy, pentoxy, hexoxy or heptoxy. 

R, E\ E^, X\ X^^, X^**, X^ and X^ may each, independently of one another, 
be oxaalkyi - i.e. one of the non-terminal CH2 groups in the alkyI radical 
has been replaced by -O- - preferably straight-chain 2-oxapropyl 
(= methoxymethyl). 2- (= ethoxymethyl) or 3-oxabutyl (= methoxyethyl), 2-, 
3- or 4-oxapentyl, 2-, 3-, 4- or 5-oxahexyl or 2-. 3-, 4-. 5- or 6-oxaheptyl. 
Correspondingly, R. E\ E^ x\ X^^ X^^ X^ and X^ may also, independently 
of one another, be thioalkyi radicals, i.e. alkyI radicals in which a CH2 
group has been replaced by -S-. 



35 
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R, E\ E^, X\ X^^, X^^, X^ and X^ may furthermore each, independently of 
one another, be an alkenyl radical - i.e. an aliphatic hydrocarbon radical 
containing at least one C=C double bond - having from 2 to 15 carbon 
atoms, which is straight-chain or branched and contains at least one C-C 

5 double bond. It is preferably straight-chain and has from 2 to 7 carbon 
atoms. Accordingly, it is preferably vinyl, prop-1- or -2-enyl, but-1-, -2- or 
-3-enyl, pent-1-, -2-, -3- or-4-enyl, hex-1-, -2-, -3-, -4- or-5-enyI. or hept-1-, 
-2-, -3-, -4-, -5- or -6-enyl. If the two carbon atoms of the C-C double bond 
are substituted, the alkenyl radical may be in the form of the E- and/or 

10 Z-isomer (trans/cis). The respective E-isomers are generally preferred. 

R, E\ E^, x\ X^^, X^^ X^ and X^ may also, independently of one another, 
be an alkynyl radical having from 2 to 15 carbon atoms, which is straight- 
chain or branched and contains at least one C-C triple bond. 

15 

R, e\ E^, X\ X^^ X^^ X^ and X^ may each, independently of one another, 
be an alkyi radical having from 1 to 15 carbon atoms in which one CH2 
group has been replaced by -O- and one has been replaced by -CO-, 
these preferably being adjacent. This thus contains an acyloxy group 
20 -CO-O- or an oxycarbonyl group -0-C0-. This radical is preferably straight- 
chain and has from 2 to 6 carbon atoms. Replacement of a CH2 group by 
-CO- with formation of a keto group is also possible. The corresponding 
radical likewise preferably has from 2 to 6 carbon atoms. 

25 R, e\ E^, X\ X^^. X^^, X^ and X^ may each, independently of one another, 
be an alkyI radical having from 1 to 15 carbon atoms in which one CH2 
group has been replaced by unsubstituted or substituted -CH=CH- and an 
adjacent CH2 group has been replaced by CO or CO-O or O-CO, where 
this may be straight-chain or branched. The radical is preferably straight- 

30 chain and has from 4 to 13 carbon atoms. 

R, E'' and E^ may each, independently of one another, be an aikyi radical 
having from 1 to 15 carbon atoms or alkenyl radical having from 2 to 15 
carbon atoms, each of which is monosubstituted by -CN or -CF3, these 



35 
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preferably being straight-chain. Substitution by -CN or -CF3 is possible in 
any desired position. 

R, e\ E^, X\ X^^, X^^, X^ and X^ may each, independently of one another, 
5 be an alkyi radical in which two or more CH2 groups have been replaced 
by -O- and/or -C0-0-, where this may be straight-chain or branched. It is 
preferably branched and has from 3 to 12 carbon atoms. 

R, E\ x\ X^^ X^^, X^ and X^ may each, independently of one another, 
10 be an alkyI radical or alkoxy radical having from 1 to 15 carbon atoms or 
alkenyl radical having from 2 to 15 carbon atoms, each of which is at least 
monosubstituted by halogen, where these radicals are preferably straight- 
chain and halogen is preferably -F or -CI. In the case of polysubstitution, 
halogen is preferably -F. The resultant radicals also include perfluorinated 
15 radicals, such as -CF3 and -OCF3. In the case of monosubstitution, the 
fluorine or chlorine substituent can be in any desired position, but is pref- 
erably in the ©-position. 

R in the general formulae I to V is particularly preferably an alky! radical, 
20 alkoxy radical or alkenyl radical having from 1 to 7 or 2 to 7 carbon atoms 
respectively. 

E^ and E^ in the general formulae I to V are preferably, independently of 
one another, hydrogen, an alkyI radical, alkoxy radical or alkenyl radical 

25 having from 1 to 7 or 2 to 7 carbon atoms respectively, a halogen or 

-(-Z-A-)n-R, in which n Is 1, Z is a single bond, A is 1 ,4-cyclohexylene or 
optionally fluorine-substituted 1,4-phenylene, and R is alkyI, alkoxy or 
alkenyl having from 1 to 7 or 2 to 7 carbon atoms respectively, particularly 
preferably hydrogen, an alkyI radical or alkoxy radical having from 1 to 

30 7 carbon atoms, fluorine, chlorine, 4-alkyl-substituted 1,4-phenylene or 
4-alkyl-substituted 1 ,4-cyclohexylene, and in particular fluorine. 

X\ X^^, X^^, X^ and X^ in the general formulae I to V are preferably, inde- 
pendently of one another, hydrogen, an iaikyi radical, alkoxy radical or 
35 alkenyl radical having from 1 to 7 or 2 to 7 carbon atoms respectively 
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which is at least monosubstituted by halogen, or a halogen. It is particularly 
preferred here for at least one of x\ and or X^^ X^^ X^ and X^ to be 
-CF3, F or CI. Very particularly preferably, all of X\ X^ and X^ or X^^ X^^ 
X^ and X^ are -CF3, fluorine or chlorine, and in particular all are fluorine. 

5 

Preferred compounds of the general formulae I to V contain a total of zero, 
one or two wing units ZA, i.e. n = 0, 1 or 2, If a wing group ZA is present 
(n = 1 ), it can be bonded to the cyclopentane ring or to the naphthalene 
structure (E\ = -Z-A-R). If n is 2 or 3, the two or three wing groups ZA 
10 may be bonded to only one side of the molecule - to the cyclopentane ring 
or as or E^ to the naphthalene structure - or alternatively to both sides 
of the molecule - to the cyclopentane ring and as E^ or E^ to the naphtha- 
lene structure, n is particularly preferably 0 or 1 . 

15 In connection with the present invention, halogen is fluorine, chlorine, 
bromine or iodine. 

The compounds of the general formulae I to V are prepared by methods 
known per se, as described in the literature (for example in the standard 
20 works, such as Houben-Weyl, Methoden der organischen Chemie [Meth- 
ods of Organic Chemistry], Georg-Thieme-Verlag. Stuttgart), to be precise 
under reaction conditions which are known and suitable for the said reac- 
tions. Use can be made here of variants which are known per se, but are 
not mentioned here in greater detail. 

25 

If desired, the starting materials can also be formed in situ by not isolating 
them from the reaction mixture, but instead immediately converting them 
further into the compounds of the general formulae I to V. 

30 The syntheses of various polysubstituted naphthalene derivatives which 
are used to build up the five-membered ring are described by way of 
example in the examples. The starting substances are obtainable by gen- 
erally accessible literature procedures or are commercially available. The 
reactions described should likewise be regarded as known from the lit- 

35 erature. 
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An illustrative synthesis for building up the five-nnennbered ring is shown 
below. The synthesis can be adapted to the particular desired connpounds 
of the general formulae I to V through the choice of suitable starting mate- 
5 rials. 



10 




B C 
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x^ 




5 

H 

Starting from the 4-bromonaphthalene derivative A, reaction with an a,p- 
unsaturated aldehyde B in the presence of lithium diisopropylamide (LDA) 
gives compound C. This reacts with palladium catalysis in the presence of 
triethylamine with ring closure to give the ketone D (= compound le). 
Starting from the ketone D and 1 ,3-propanedlthlol in the presence of 
BFa/dlethyl ether, the corresponding dithiane E is obtained. This is reacted 
with 1,3-dibromo-5,5-dimethylhydantoin (DBH) and HF in pyridine to give 
^ ^ the cyclopenta[a]naphthaIene derivative F. Elimination of HBr in the pres- 
ence of diazabicycloundecene (DBU) gives the cyclopenta[a]naphthalene 
derivative G (= compound lb). The cyclopenta[a]naphthalene derivative G 
is hydrogenated on a palladium/carbon catalyst in a hydrogen atmosphere 
to give the cyclopenta[a]naphthalene derivative H (= compound la). 

20 



25 



30 




K 
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J 




5 

L 

Starting from the ketone D (which, in addition, can also be prepared 
analogously to US 2003/0108684 A1, scheme 4), reduction, for example 
using LiAIH4, firstly gives access to the alcohol J, from which on the one 
hand the cyclopenta[a]naphthalene derivative K (= compound 11) is acces- 
sible by subsequent elimination using acid and on the other hand the 
cyclopenta[a]naphthalene derivative L (= compound If) is accessible using 
DAST (diaminosulfur trifluoride; cf. M. Hudlicky, Organic Reactions, 35, 
1988. 513) analogously to DE 44 34 975 A1. 




D M 



Starting from the ketone D, the cyclopenta[a]naphthalene derivative M (= 
25 compound Ih) is furthermore accessible by reaction with DAST analog- 
ously to the process disclosed In DE 44 34 975 A1 . 

The reactions described should only be regarded as illustrative. The per- 
son skilled in the art can carry out corresponding variations of the synthe- 
30 ses described and also follow other suitable synthetic routes in order to 
obtain compounds of the formulae I to V. 

As already mentioned, the compounds of the general formulae I to V can 
be used in liquid-crystalline media. 

35 
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The present invention therefore also relates to a liquid-crystalline medium 
comprising at least two liquid-crystalline compounds, comprising at least 
one compound of the general formulae I to V. 

5 The present invention also relates to liquid-crystalline media comprising from 
2 to 40, preferably from 4 to 30, components as further constituents besides 
one or more compounds of the formulae I, II, III, IV and/or V according to 
the invention. These media particularly preferably comprise from 7 to 25 
components besides one or more compounds according to the invention. 

1 0 These further constituents are preferably selected from nematic or nemato- 
genic (monotropic or isotropic) substances, in particular substances from the 
classes of the azoxybenzenes, benzylideneanilines, biphenyls, terphenyls, 
phenyl or cyclohexyl benzoates, phenyl or cyclohexyl esters, of cyclohexane- 
carboxylic acid, phenyl or cyclohexyl esters of cyclohexylbenzoic acid, 

1 5 phenyl or cyclohexyl esters of cyclohexylcyclohexanecarboxylic acid, cyclo- 
hexylphenyl esters of benzoic acid, of cyclohexanecarboxylic acid or of 
cyclohexylcyclohexanecarboxylic acid, phenylcyclohexanes, cyclo- 
hexylbiphenyls. phenylcyclohexylcyclohexanes, cyclohexylcyclohexanes, 
cyclohexylcyclohexylcyclohexenes. 1 ,4-biscyclohexylbenzenes, 4',4'- 

20 biscyclohexylbiphenyls, phenyl- or cyclohexylpyrimidines, phenyl- or cyclo- 
hexylpyridines, phenyl- or cyclohexyldioxanes, phenyl- or cyclohexyl-1,3- 
dithianes, 1 ,2-diphenylethanes, 1 .2-dicyclohexylethanes, 1-phenyl-2-cyclo- 
hexylethanes, 1 -cyclohexyl-2-(4-phenylcyclohexyl)ethanes, 1 -cyclohexyl-2- 
biphenylylethanes, 1-phenyl-2-cyclohexylphenylethanes, optionally halogen- 

25 ated stilbenes, benzyl phenyl ethers, tolans and substituted cinnamic acids, 
as well as corresponding compounds in which two carbocyclic and/or 
heterocyclic rings or ring systems (for example cyclohexyls, phenyls, 
dioxanes, tetrahydropyrans) are linked via a difluorooxymethylene bridge 
(-CF2O-). The 1 ,4-phenylene groups in these compounds may also be 

30 mono- or polyfluorinated. 

The most important compounds suitable as further constituents of media 
according to the invention can be characterised by the formulae (VI), (VII), 
(VIII), (IX) and (X): 
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R'-L-COO-E-R" 
R'-L-OOC-E-R" 
R'-L-CH2CH2-E-R' 
R'-L-CFzO-E-R" 



R'-L-E-R" 



(VI) 

(VII) 

(VIII) 

(IX) 

(X) 



10 



15 



20 



25 



30 



35 



In the formulae (VI). (VII), (VIII), (IX) and (X), L and E, which may be identi- 
cal or different, are each, independently of one another, a divalent radical 
from the group formed by -Phe-, -Cyc-, -Phe-Phe-, -Phe-Cyc-, -Cyc-Cyc-, 
-Pyr-, -Dio-, -Thp-. -G-Phe- and -G-Cyc- and their minror images, where Phe 
is unsubstituted or fluorine-substituted 1 ,4-phenylene, Cyc is trans-1 ,4-cyclo- 
hexylene or 1 ,4-cyclohexylene, Pyr is pyrimidine-2,5-diyl or pyridine-2,5-diyl, 
Dio is 1 ,3-dioxane-2,5-diyl, Thp- is tetrahydropyran-2,5-diyl and G Is 2- 
(trans-1 ,4-cyclohexyl)ethyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl or 1 ,3- 
dioxane-2,5-diyl. 

One of the radicals L and E is preferably Cyc or Phe. E is preferably Cyc, 
Phe or Phe-Cyc. The media according to the invention preferably comprise 
one or more components selected from the compounds of the formulae (VI), 
(VII), (VIII), (IX) and (X) in which L and E are selected from the group 
consisting of Cyc and Phe and simultaneously one or more components 
selected from the compounds of the formulae (VI), (VII), (VIII), (IX) and (X) 
in which one of the radicals L and E is selected from the group consisting of 
Cyc and Phe and the other radical is selected from the group consisting of 
-Phe-Phe-. -Phe-Cyc-, -Cyc-Cyc-, -G-Phe- and -G-Cyc-, and optionally one 
or more components selected from the compounds of the formulae (VI), 
(VII), (VIII). (IX) and (X) in which the radicals L and E are selected from the 
group consisting of -Phe-Cyc-, -Cyc-Cyc-, -G-Phe- and -G-Cyc-. 

In a smaller sub-group of the compounds of the formulae (VI), (VII), (VIII), 
(IX) and (X), R' and R" are each, independently of one another, alkyi, 
alkenyl, alkoxy, alkoxyalkyi (oxaalkyi), alkenyloxy or alkanoyloxy having up to 
8 carbon atoms. This smaller sub-group is called group A below, and the 
compounds are refenred to by the sub-formulae (Via), (Vila), (Villa), (IXa) 
and (Xa). In most of these compounds, R' and R" are different from one 
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another, one of these radicals usually being alkyi, alkenyl. alkoxy or alkoxy- 
alkyl (oxaalkyi). 

In another smaller sub-group of the compounds of the formulae (VI), (VII), 
5 (VIII). (IX) and (X), which is known as group B, E is 




In the compounds of group B, which are referred to by the sub-formulae 
(VIb), (Vllb), (Vlllb), (IXb) and (Xb), R' and R" are as defined for the 
compounds of the sub-formulae (Via) to (Xa) and are preferably alkyi, 
alkenyl, alkoxy or alkoxyalkyi (oxaalkyi). 

In a further smaller sub-group of the compounds of the formulae (VI), (VII), 
(VIII), (IX) and (X), R" is -CN. This sub-group is referred to below as group 
C, and the compounds of this sub-group are correspondingly described by 
sub-formulae (Vic), (Vllc), (Vlllc), (IXc) and (Xc). In the compounds of the 
sub-formulae (VIc), (Vllc). (Vlllc), (IXc) and (Xc). R' is as defined for the 
compounds of the sub-fonmulae (Via) to (Xa) and is preferably alkyi, alkenyl. 
alkoxy or alkoxyalkyi (oxaalkyi). 

Besides the preferred compounds of groups A, B and C. other compounds 
of the formulae (VI), (VII), (VIII), (IX) and (X) having other variants of the 
proposed substituents are also customary. All these substances are obtain- 
able by methods which are known from the literature or analogously thereto. 

Besides the compounds of the general formulae I, II, III, IV and/or V accord- 
ing to the invention, the media according to the invention preferably 
comprise one or more compounds from groups A, B and/or C. The 
proportions by weight of the compounds from these groups in the media 
according to. the invention are: 



35 
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group A: from 0 to 90%, preferably from 20 to 90%. in particular from 30 to 
90% 

group B: from 0 to 80%, preferably from 10 to 80%. in particular from 10 to 
70% 

5 group C: from 0 to 80%, preferably from 5 to 80%. in particular from 5 to 
50%. 

The media according to the invention preferably comprise from 1 to 40%, 
particularly preferably from 5 to 30%, of the compounds of the formulae I, 
10 II, III, IV and/or V according to the invention. Preference is furthemnore 

given to media comprising more than 40%, in particular from 45 to 90%, of 
compounds of the formulae I, II, III, IV and/or V according to the invention. 
The media preferably comprise one, two, three, four or five compounds of 
the formulae I, II, III, IV and/or V according to the invention. 

15 

Examples of the compounds of the formulae (VI), (VII), (VIII), (IX) and (X) 
are the compounds listed below: 



20 



25 



30 
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23 



rW h V_c,h,— < o W O Wr^ 



( H 
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C^H,— ^ O 



R-^ 



10 




R^ < H 




H >-R^ 



15 



R^ < H 



H 




C2H4 ( O 



O ^R^ 



20 



R^ < H 



H 



O \ r2 



25 



R^- 



■R^ 



30 



where R^ and R^, independently of one another, are -CnH2n+i or 
-OCnH2n+i. and n = 1 . 2. 3. 4, 5, 6, 7 or 8, and and L^, independently of 
one another, are -H or -F, 



C.H 



n 2n+1 




m 2m+1 
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C H 



n' '2n+1 



H 




H 



CH2CH2 




^m*^2m+1 



10 



C H 



n' '2n+1 




15 




^m'^2m+1 



where m and n, independently of one another, are 1 . 2, 3, 4, 5, 6. 7 or 8, 

The media according to the invention are prepared in a manner conven- 
20 tional per se. In general, the components are dissolved in one another, 
advantageously at elevated temperature. By means of suitable additives, 
the liquid-crystalline phases of the present invention can be modified in 
such a way that they can be used in all types of liquid-crystal display ele- 
ment that have been disclosed hitherto. Additives of this type are known to 
25 the person skilled in the art and are described in detail in the literature (H. 
Kelker/R. Hatz, Handbook of Liquid Crystals, Verlag Chemie, Weinheim, 
1980). For example, pleochroic dyes can be used for the preparation of 
coloured guest-host systems or substances can be added in order to mod- 
ify the dielectric anisotropy, the viscosity and/or the alignment of the nema- 
30 tic phases. 



Owing to their negative Ae, the compounds of the formulae I to V are par- 
ticularly suitable for use in VA-TFT displays. 



35 



P031 66 TRANS GB PCT.doc 

-26- 

The present invention therefore also relates to electro-optical liquid-crystal 
display elements containing a liquid-crystalline medium according to the 
invention. 

5 The invention is explained in greater detail below with reference to working 
examples, but without being restricted thereby. 

Examples 

10 The starting substances can be obtained by generally accessible literature 
procedures or are commercially available. The reactions described are 
known from the literature. 



Example 1 

15 




38.8 ml (95.0 mmol) of a 2.5M butyllithium solution in hexane were added 
at -75°C to a solution of 25.0 g (92.0 mmol) of the aromatic compound 1 in 

25 200 ml of diethyl ether, and the mixture was stirred for 1 hour. 13.4 ml 
(120 mmol) of formylpiperidine (2) in 15 ml of diethyl ether were subse- 
quently added at T < -SS^'C. After a further hour, the batch was warmed to 
room temperature, water was added, and the mixture was acidified. 
Extraction, drying, evaporation and chromatography on silica gel gave 

30 14.2 g (70%) of the aldehyde 3. 
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5 




200 ml (100 mmol) of a 0.5M solution of the zinc compound 4 in THF were 
added at -75°C to a solution of 26.8 g (98.5 mmol) of the aldehyde 3 in 
100 ml of THF. After 30 minutes, the cooling was removed. Water was 
added to the thawed batch, which was then acidified using IN HCI solution 
and extracted with methyl tert-butyl ether. Drying, evaporation and chroma- 
tography on silica gel gave 28.6 g (90%) of the hydroxy ester 5. 



20 




20.0 g (61 .9 mmol) of the hydroxy ester 5 were dissolved in 200 ml of tolu- 
ene, 1 g of p-toluenesulfonic acid was added, and the mixture was refluxed 
until the water separation was complete. Evaporation and filtration through 
silica gel gave 1 6.4 g (87%) of the ester 6. 




15.0 g (49.2 mmol) of the unsaturated ester 6 were hydrogenated on a 
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palladium catalyst (5%/C) in tetrahydrofuran (THF). Yield: 14.5 g (96%) of 
the ester 7. 



5 



10 




9.0 g (29.3 mmol) of the ester 7 were added at 60''C to 100 g of polyphos- 
phoric acid. The temperature was subsequently increased to 120°C for 
1 5 4 hours. After cooling, the batch was added to ice and extracted with 

methyl tert-butyl ether. Drying, evaporation and crystallisation gave 4.8 g 
(63%) of the ketone 8. 



20 




25 

5.0 g (1 9.2 mmol) of the oxo compound 8 were dissolved in 40 ml of 
diethylene glycol dimethyl ether, and 2.3 g (58.5 mmol) of sodium boro- 
hydride were added with ice-cooling. 9 ml of boron trifluoride/diethyl ether 
complex were subsequently added. After 2 hours at room temp., the batch 
was added to sat. sodium hydrogencarbonate solution. The aqueous 
phase was extracted with dichloromethane. Drying, evaporation and chro- 
matography on silica gel gave 4.3 g (90%) of the tetrahydronaphthalene 9. 



35 



Compounds according to the invention are accessible from compounds 
8 and 9 or analogous compounds, as is evident to the person skilled in the 
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art, inter alia from the description and the further examples. 



Example 2 

5 




A solution of 10.6 g (32.7 mmol) of the hydroxy ester 5 was added at room 
1 5 temp, to a suspension of 40.0 mmol of PCC on 50 g of Celite® in 1 50 ml of 
dichloromethane. When the reaction was complete (TLC), the batch was 
filtered, and the filter cake was washed with methylene chloride. Evapora- 
tion and chromatography on silica gel gave 10.1 g (96%) of the oxo ester 
10. 

20 



25 




10 11 

30 The ring closure was canried out as described above for compound 7. 
Yield: 61%. 
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=< OH 



10 



15 



20 



8.6 g (31.1 mmol) of the dione 11 were dissolved in 150 ml of ethanol, and 
2.4 g (65.0 mmol) of sodium borohydride were added in portions. When 
the reaction was complete (TLC), the batch was hydrolysed using water, 
the ethanol was removed under reduced pressure, and the residue was 
taken up in water and extracted with toluene. After evaporation, the prod- 
uct 12 was employed in the next step without further purification. 

HQ 



OH 

Br 

12 




10.0 g of the crude diol 12 were dissolved in 200 ml of toluene, 1 g of 
p-toluenesulfonic acid was added, and the mixture was refluxed until the 
water separation was complete. Evaporation and filtration through silica gel 
gave 8.0 g (92%) of the naphthalene 13. Compounds according to the 
invention are accessible therefrom (or from analogous compounds), as is 
evident to the person skilled in the art, inter alia from the description and 
the further examples. 
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Example 3 




30 ml of boron trifluoride/diethyl ether complex were added under nitrogen 
to a solution of 13.1 g (50.0 mmol) of the ketone 8 and 8.4 ml (100 mmol) 
of the dithiol in 150 ml of dichloromethane, and the mixture was stirred 
overnight. The batch was added slowly to sat. sodium hydrogencarbonate 
solution and deacidified. Drying, evaporation and chromatography on silica 
gel gave 17.2 g (92%) of the protected ketone 14. 



20 




A solution of 9.3 g (25.0 mmol) of the dithiolane 14 in 60 ml of dichloro- 
25 methane was added at -75°C to a suspension of 30.2 g (105.2 mmol) of 
1,3-dibromo-5,5-dimethylhydantoin in 60 ml of dichloromethane and 
120 ml of a 65% solution of hydrogen fluoride in pyridine. The batch was 
slowly warmed to 0°C over the course of 3 hours and added to 1500 ml of 
ice-cooled 2N sodium hydroxide solution to which 120 ml of 39% sodium 
30 hydrogensulfite solution had been added. The pH was adjusted to 8, and 
the aqueous phase was extracted with methylene chloride. Drying, evapo- 
ration and chromatography on silica gel gave 5.2 g (73%) of the fluorinated 
aromatic compound 15. Compounds according to the invention are 
accessible therefrom (or from analogous compounds), as is evident to the 
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The synthesis is carried out in accordance with the reactions described 
above, with the elimination of water from 19 to give 20 likewise being 
effected using p-toluenesulfonic acid. Overall yield: 30%. 
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Example 5 




F F 



10 A solution of 9.0 g (23.6 mmol) of 15 in 50 ml of THF was slowly added to 
a suspension of 4.5 g (40.1 mmol) of potassium tert-butoxide in 50 ml of 
THF. and the mixture was subsequently refluxed ovemight. The cooled 
batch was diluted with water and extracted with diethyl ether. Drying, 
evaporation and chromatography on silica gel gave 7.2 g (85%) of the sty- 

1 5 rene derivative 22. 



Example 6 



20 




25 

The reaction was carried out as described above. Yield: 81%. Compounds 
according to the invention are accessible from compounds 20, 21 and 22 
(or analogous compounds), as is evident to the person skilled in the art, 
inter alia from the description and the following examples. 

30 
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A solution of 13.5 g (60.0 mmol) of the bromofluoronaphthalene 24 in 
10 ml of THF is added at -75°C to 27.0 ml of a solution of 2N lithium diiso- 
propylamide (LDA) in cyclohexane/ethyibenzene/THF (52.4 mmol) which 
has been diluted with 1 00 ml of THF. After 2 hours at the low temperature, 
8.5 g (47.3 mmol) of the aldehyde 23 in 1 0 ml of THF are added. After 30 
minutes, the cooling is removed, and 100 ml of IN HCI are added to the 
batch at 20°C. Extraction of the aqueous phase, drying of the organic 
phase, evaporation and chromatography gives the allyl alcohol 25. 



20 




26 



35.0 g (86.6 mmol) of the allyl alcohol 25, 5.5 g of bis(tri-o-tolylphosphine)- 
palladium dichloride and 50 ml of triethylamine are dissolved in 390 ml of 
acetonitrile and heated to 90°C until the allyl alcohol has completely 
reacted. The cooled batch is introduced into water. Extraction, drying, 
evaporation and chromatography gives the ketone 26. 
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26 



BF3. OEt^ 



^3^7 HS^ 



^SH 




27 



10 



15 



10.0 g (30.8 mmol) of the ketone 26 and 3.2 ml (31.0 mmol) of propane- 
dithiol are dissolved in 50 ml of dichloromethane, 7.0 ml of boron 
trifluoride/diethyl ether complex are added at from 6 to 7°C, and the mix- 
ture is subsequently stirred overnight at room temperature. The batch is 
introduced into 10 ml of saturated sodium hydrogencarbonate solution and 
stirred until the evolution of gas is complete. After extraction of the aque- 
ous phase, drying of the organic phase, evaporation and filtration through 
silica gel, the resultant residue is employed in the next step without further 
purification. 



20 
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HF. Py 



C3H, DBH 




27 



28 



10.0 g of the crude thioketal 27, dissolved in 30 ml of dichloromethane, are 
added slowly at -75*'C to a mixture of 28.6 g (100 mmol) of 1,3-dibromo- 
5,5-dimethylhydantoin (DBH), 80 ml of a 65% solution of hydrogen fluoride 
in pyridine and 50 ml of dichloromethane. The batch is subsequently 
stirred overnight at room temperature. The reaction mixture is added to 
ice-cooled hydrogen sulfite solution and deacidified using saturated 
sodium hydrogencarbonate solution and sodium hydroxide solution. 
Extraction, drying, evaporation, re-washing with water, chromatography 
and crystallisation from hexane gives the cyclopenta[a]naphthalene deriva- 
tive 28. 
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5 




28 29 



6.0 g (14.1 mmol) of the cyclopenta[a]naphthalene derivative 28 are dis- 
10 solved in 50 ml of dichloromethane, 2.4 ml (16.0 mmol) of 1 .S-diaza- 

bicyclo[5.4.0]undec-7-ene (DBU) are added, and the mixture is stirred at 
room temperature until the starting material has completely reacted. The 
batch is washed with water and saturated sodium chloride solution, evapo- 
rated and chromatographed. The cyclopenta[a]naphthalene derivative 29 
15 is isolated. 



Example 9 




4.0 g (11.6 mmol) of the cyclopenta[a]naphthalene derivative 29 are dis- 
solved In 50 ml of THF and hydrogenated at room temperature and atmos- 
pheric pressure on a palladium catalyst. Evaporation, chromatography on 
30 silica gel and crystallisation gives the cyclopenta[a]naphthalene derivative 
30. 
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Example 10 




31 



BuLi 



B(OH)3 




32 



10 



15 



20 



The cyclopenta[a]naphthalene derivative 31 prepared analogously to 
Examples 7 to 9 was converted Into the cyclopenta[a]naphthalene deriva- 
tive 32 as follows: under nitrogen and at -70°C, 4.5 ml (7.20 mmol) of a 
15% solution of butyllithium in n-hexane were added to a solution of 2.5 g 
(7.18 mmol) of the naphthalene derivative 31 in 60 ml of THF. After 1 hour. 
0.91 ml (8.0 mmol) of trimethyl borate was added to the batch. When the 
addition was complete, the cooling was removed, and the batch was 
hydrolysed at 10°C. The reaction mixture was acidified using 2N HCI solu- 
tion. The aqueous phase was extracted with methyl tert-butyl ether. The 
organic phase was washed with sat. NaCI solution, dried over sodium 
sulfate and evaporated. The residue, which contained the boronic acid 32, 
was employed in the next step without further purification. 



25 




32 



33 



30 1 .3 g (5.0 mmol) of sodium metaborate octahydrate were dissolved in 

2.0 ml of water under a nitrogen atmosphere, and 83 mg of bis(triphenyl- 
phosphine)palladium(ll) chloride, 50 pi of hydrazinium hydroxide and 
1 .1 1 g (6.0 mmol) of p-bromoethylbenzene were added successively. After 
5 minutes at room temperature, 2.1 g (6.0 mmol) of the boronic acid dis- 

35 solved in 3.75 ml of THF were added to the batch, and the mixture was 
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heated at the boil overnight. The aqueous phase was extracted with methyl 
tert-butyl ether, and the organic phase was washed with water, dried and 
evaporated. The purification was carried out by means of multiple 
chromatography on silica gel (heptane). 



10 




31 



34 



15 



20 



F F 




35 



The cyclop(snta[a]naphthalene derivative 31 was converted into the 
cyclopenta[a]naphthalene derivative 35 as follows: 

Under nitrogen and at -70*^0, 4.5 ml (7.20 mmol) of a 15% solution of 
butyllithium in n-hexane were added to a solution of 2.5 g (7.18 mmol) of 
the naphthalene derivative 31 in 60 ml of THF. After 1 hour, 1 .1 g 
(8.0 mmol) of 4-propylcyclohexanone in 5 ml of THF were added to the 
batch. After 1 hour, the cooling was removed, and the batch was hydro- 
lysed at 10°C. The reaction mixture was acidified using 2N HCI solution. 
The aqueous phase was extracted with methyl tert-butyl ether. The organic 
phase was washed with sat. NaCI solution, dried over sodium sulfate and 
evaporated. The residue was passed through silica gel (methyl tert-butyl 
ether/heptane 1:10). 
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A mixture of 50 ml of pyridine and 50 ml of phosphoryl chloride was added 
to a solution of 3.6 g (7.0 mmol) of the benzyl alcohol 34 in 30 ml of pyri- 
dine at such a rate that the batch boiled. After 4 hours, the batch was care- 

5 fully poured into ice/water. The aqueous phase was extracted with di- 
chloromethane; the organic phase was washed with sat. NaCI solution, 
dried over sodium sulfate, evaporated and passed through silica gel (hex- 
ane). 2.0 g (4.0 mmol) of the resultant elimination product were dissolved 
in 20 ml of THF and hydrogenated on a Pd catalyst until the uptake of 

10 hydrogen was complete. The catalyst was separated off, and the solution 
was evaporated. The residue was passed through silica gel (hexane), 
giving 35 after removal of the solvent. 



Example 12 



20 




5.0 g (19.2 mmol) of the ketone 8, dissolved in 30 ml of THF, were added 
at -70°C to a mixture of 40 ml of THF, 5.2 ml (41.2 mmol) of trimethylsilyl 
chloride and 10.3 ml (20 mmol) of a 2M solution of lithium diisopropyl- 
amide. After 30 minutes, 40 ml of triethylamine and sat. sodium hydrogen- 
carbonate solution were added to the batch. The aqueous phase was 
extracted with methyl tert-butyl ether. The organic phase was dried over 
sodium sulfate, evaporated and filtered through silica gel (nriethyl tert-butyl 
ether/pentane 1 :20). 



35 



The residue was taken up in 40 ml of THF, and a solution of 4.9 g 
(20.0 mmol) of m-chloroperbenzoic acid in 20 ml of THF was added at 
0°C. After 1 hour, water was added to the batch, which was then extracted 
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with methyl tert-butyl ether. The organic phase was dried over sodium 
sulfate, evaporated and filtered through silica gel (methyl tert-butyl 
ether/heptane 1 :5), giving 4.4 g (80%) of the hydroxy ketone 36. 



10 




OH 




36 



37 



15 



The synthesis of the thioketal 37 was carried out as already described in 
Example 3 for compound 14. 



20 




OH 



1. NaH 



2. BnBr 




37 



38 



A solution of 14.1 g (40.0 mmol) of the thioketal 37 in 20 ml of THF was 
added to a suspension of 1.8 g (60%, 45.7 mmol) of sodium hydride in 
40 ml of THF. After 2 hours, 500 mg of tetrabutylammonium iodide and 
5.5 ml (45.7 mmol) of benzyl bromide in 20 ml of THF were added to the 
suspension. The batch was stirred overnight and subsequently carefully 
hydrolysed. The aqueous phase was extracted with methyl tert-butyl ether. 
The organic phase was dried over sodium sulfate, evaporated and passed 
through silica gel (methyl tert-butyl ether/heptane 1:20), giving 16.1 g 
(91%) of the benzyl ether 38. 



35 
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The alcohol 39 can be prepared from 38 analogously to the processes of 
Examples 7 to 9. During the preparation of the intermediate thioketal, the 
benzyl ether is cleaved. The protecting group must then be re-introduced 
in the manner already described. 




15 A mixture of 50 ml of pyridine and 50 ml of phosphoryl chloride was added 
to a solution of 2.9 g (7.0 mmol) of the naphthalene 39 in 30 ml of pyridine 
at such a rate that the batch boiled. After 4 hours, the batch was carefully 
poured onto ice. The aqueous phase was extracted with dichloromethane, 
and the organic phase was washed with sat. NaCI solution, dried over 

20 sodium sulfate, evaporated and passed through silica gel (hexane), giving 
1,7 g (62%) of the unsaturated compound 40. 



Example 13 



25 




The synthesis is carried out in accordance with the procedure indicated 
above in Example 12 for compound 38, 



35 
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1. KOH/EtOH 



2. SOCL 




41 



42 



10 An ethanolic potassium hydroxide solution was added to 7.3 g (17,7 mmol) 
of tlie ester 41, and the mixture was refluxed until the reaction was com- 
plete (TLC). The alcohol was removed in a rotary evaporator. The residue 
was taken up in water and acidified. After extraction with methyl tert-butyl 
ether, the organic phase was dried over sodium sulfate, and the solvent 

15 was removed. Thionyl chloride and one drop of DMF were added to the 
resultant residue, and the mixture was refluxed until the evolution of gas 
was complete. Excess thionyl chloride was distilled off. The crude product 
42 was employed in the next step without further purification. 



20 



25 




42 



AlCU 




30 



35 



A solution of the acid chloride 42 in 50 ml of dichloromethane was added 
slowly at O'^C to a suspension of 4 g of aluminium chloride in 50 ml of 
dichloromethane. When the addition was complete, the reaction was 
monitored by TLC. When the reaction was complete, ice was carefully 
added to the batch. When the evolution of HCI had subsided, the mixture 
was diluted with water and acidified. The aqueous phase was extracted 
with dichloromethane. The organic phase was washed with sat. sodium 
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chloride solution, dried over sodium sulfate and evaporated. The residue 
was passed through silica gel (methyl tert-butyl ether/heptane 1:5). 



5 




1 1 .0 g (30.0 mmol) of the ketone 43 and 4.3 ml (90.0 mmol) of hydrazin- 
ium hydroxide were added to a solution of 6.7 g of potassium hydroxide in 
50 ml of diethylene glycol. The batch was slowly heated to 180°C. When 
the evolution of nitrogen was complete and after cooling to room tempera- 
ture, the batch was diluted with water and extracted a number of times with 
methyl tert-butyl ether. The organic phase was dried over sodium sulfate, 
evaporated and passed through silica gel (methyl tert-butyl ether/heptane 
1 :20). giving 6.4 g (60%) of the benzyl ether 44. 

The alcohol 45 can be prepared from 44 analogously to the processes of 
Examples 7 to 9. During the preparation of the intermediate thioketal, the 
benzyl ether is cleaved. The protecting group must then be re-introduced 
in the manner already described. 



30 




35 



The synthesis of compound 46 was carried out analogously to the method 
indicated in Example 12. 
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The following compounds are prepared analogously to Examples 1 to 13. 
"bond" here stands for a single bond: 

Examples 14-110 



10 




Example 








X^ 


R 


14 


H 


H 


H 


H 


CHa 


15 


H 


H 


H 


H 


C2H5 


16 


H 


H 


H 


H 


n-CsH/ 


17 


H 


H 


H 


H 


n-C4H9 


18 


H 


H 


H 


H 


n-CsHi, 


19 


H 


H 


H 


H 


n-CeHia 


20 


H 


H 


H 


H 


n-CyHis 


21 


H 


H 


H 


F 


CH3 


22 


H 


H 


H 


F 




23 


H 


H 


H 


F 


n-CsHy 


24 


H 


H 


H 


F 


n-C4H9 


25 


H 


H 


H 


F 


n-CsHn 


26 


H 


H 


H 


F 


n-CeHia 


27 


H 


H 


H 


F 


n-CrHis 


28 


H 


H 


F 


F 


CHa 


29 


H 


H 


F 


F 


C2HS 


30 


H 


H 


F 


F 


n-CaHr 


31 


H 


H 


F 


F 


n-C4H9 


32 


H 


H 


F 


F 


n-CsHii 


33 


H 


H 


F 


F 


n-CeHia 


34 


H 


H 


F 


F 





15 



20 



25 



30 



35 
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5 



10 



15 



20 



25 



Example 




x' 




X' 


R 


35 


H 


F 


F 


F 


CHa 


36 


H 


F 


F 


F 


C2H5 


37 


H 


F 


F 


F 


n-C4Hg 


38 


H 


F 


F 


F 


n-CgHn 


39 


H 


F 


F 


F 


n-CeHia 


40 


H 


F 


F 


F 




41 


CHa 


H 


F 


F 


CH3 


42 


CHa 


H 


F 


F 


C2H5 


43 


CHa 


H 


F 


F 


n-CaHz 


44 


CHa 


H 


F 


F 


n-C4H9 


45 


CHa 


H 


F 


F 


n-CsHu 


46 


CHa 


H 


F 


F 


n-CeHia 


47 


CHa 


H 


F 


F 


n-CyHis 


48 


CHa 


F 


F 


F 


CH3 


49 


CHa 


F 


F 


F 


CgHs 


50 


CHa 


F 


F 


F 


n-CsH/ 


51 


CHa 


F 


F 


F 


n-C4H9 


52 


CHa 


F 


F 


F 


n-CsHii 


53 


CHa 


F 


F 


F 


n-CsHis 


54 


CHa 


F 


F 


F 




55 


C2H5 


H 


F 


F 




56 


C2H5 


H 


F 


F 


C2H5 


57 


C2H5 


H 


F 


F 


n-CaHr 


58 


C2HS 


H 


F 


F 


n-C4H9 


59 


C2H5 


H 


F 


F 


n-CsHii 


60 


C^Hj 


H 


F 


F 


n-CeHia 


61 


C2H5 


H 


F 


F 


n-CrHis 


62 


C2H5 


F 


F 


F 


CH3 


63 


C2H5 


F 


F 


F 


C2H5 


64 


C2H5 


F 


F 


F 




65 


C2H5 


F 


F 


F 


n-C4H9 


66 


C2H5 


F 


F 


F 


n-CsHii 


67 


C2H5 


F 


F 


F 


n-CeHia 
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Example 


E 


X 


X 


X 


K 


68 


C2H5 


F 


F 


r 


n-OyHi5 


69 


n-CsHy 


H 


F 


F 


CHa 


70 


n-CsHy 


H 


r— 

F 


F 




71 


n-CaHy 


H 


F 


F 


n-Oahly 


72 


n-CsHy 


H 


F 


F 


n-U4n9 


73 


n-CsH/ 


H 


F 


F 


n-CsHn 


74 


n-CaH/ 


H 


F 


r 


n-06r1i3 


75 




H 


F 


F 


n-CyHi5 


76 


n-CsHy 


F 


F 


I — 

F 


/-* 1 1 

0H3 


77 


n-CaHy 


F 


F 


F 




78 


n-CaHy 


F 


F 


F 


n-Oarly 


79 


n-CaHy 


F 


F 


F 


n-04n9 


80 


n-CsHy 


F 


F 


F 


n-CsHii 


81 


n-CaHy 


F 


F 


F 


n-CeHis 


82 


n-CaHy 


F 


F 


F 




83 


n-C4H9 


H 


F 


F 


CHa 


84 


n-C4H9 


H 


F 


F 


O2HS 


85 


n-C4Hg 


H 


F 


F 


n-CaHy 


86 


n-C4H9 


H 


F 


F 


— /-V 1 .1 

n-Lr4n9 


87 


n-C4H9 


H 


F 


F 




88 


n-C4H9 


H 


F 


F 


n-Oeriia 


89 


n-C4H9 


H 


F 


r 


n-Oyi-iis 


90 


n-C4H9 


F 


F 


r 


OMa 


91 


n-C4H9 


F 


r* 

r 


r 


02n5 


92 


n-C4H9 


F 


F 


r 


^ 0 i-i 
n-Uariy 


93 


n-C4H9 


F 


r 


r 


n-U4n9 


y4 


n-L/4n9 


p 
r 




p 


n-CsHu 


95 


n-C4H9 


F 


F 


F 


n-CsHia 


96 


n-C4H9 


F 


F 


F 


n-CyHis 


97 


n-CsHn 


H 


F 


F 


CHa 


98 


n-CsH,, 


H 


F 


F 


C2H5 


99 


n-CsHii 


H 


F 


F 


n-CaHy 


100 


n-CsHi, 


H 


F 


F 


n-C4H9 
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5 



10 



Example 




X' 


X 


X 


R 


101 


n-CsHii 


H 


F 


F 


n-CsH,, 


102 


n-CsHn 


H 


F 


F 


n-CeHia 


103 


n-CsHu 


H 


F 


F 


n-C7His 


104 


n-CsHn 


F 


F 


r 




105 


n-CsHn 


F 


F 


F 


C2H5 


106 


n-CsHi, 


F 


F 


F 


n-CsH/ 


107 


n-CsHii 


F 


F 


F 


n-C4H9 


108 


n-CsHii 


F 


F 


F 


n-CsHn 


109 


n-CsHn 


F 


F 


F 


n-CeHia 


110 


n-CsHi, 


F 


F 


F 


n-CyHis 



Examples 1 11 - 228 

15 



20 




25 



30 



35 



Example 


E^ 




X' 


X' 


Z 


R 


111 


H 


H 


H 


F 


Bond 


CH3 


112 


H 


H 


H 


F 


Bond 


C2H5 


113 


H 


H 


H 


F 


Bond 


n-C4H9 


114 


H 


H 


H 


F 


Bond 


n-CsHn 


115 


H 


H 


H 


F 


Bond 


n-CeHia 


116 


H 


H 


H 


F 


Bond 


n-C7Hi5 


117 


H 


H 


F 


F 


Bond 


CH3 


118 


H 


H 


F 


F 


Bond 


C^Hs 


119 


H 


H 


F 


F 


Bond 


n-CaHy 


120 


H 


H 


F 


F 


Bond 


n-C4Hg 


121 


H 


H 


F 


F 


Bond 


n-CsHii 


122 


H 


H 


F 


F 


Bond 


n-CeH-js 



P03166 TRANS GB PCT.doc 



-48- 



Example 




X' 




X* 


Z 


R 


123 


H 


H 


F 


F 


Bond 


n-C/His 


124 


H 


F 


F 


F 


Bond 


CH3 


125 


H 


F 


F 


F 


Bond 


C2H5 


126 


H 


F 


F 


F 


Bond 


n-CsHy 


127 


H 


F 


F 


F 


Bond 


n-C4H9 


128 


H 


F 


F 


F 


Bond 


n-CsHii 


129 


H 


F 


F 


F 


Bond 


n-CeHia 


130 


H 


F 


F 


F 


Bond 


n-CrHis 


131 


H 


F 


F 


F 


CF2CF2 


CH3 


132 


H 


F 


F 


F 


CF2CF2 


C2H5 


133 


H 


F 


F 


F 


CF2CF2 


n-CaH/ 


134 


H 


F 


F 


F 


CF2CF2 


n-C4H9 


135 


H 


F 


F 


F 


CF2CF2 


n-CsHu 


136 


•H 


F 


F 


F 


CF2CF2 


n-CsHia 


137 


H 


F 


F 


F 


CF2CF2 


n-C7Hi5 


138 


H 


F 


F 


F 


OCF2 


CH3 


139 


H 


F 


F 


F 


OCF2 


C2H5 


140 


H 


F 


F 


F 


OCF2 


n-CsHr 


141 


H 


F 


F 


F 


OCF2 


n-C4H9 


142 


H 


F 


F 


F 


OCF2 


n-CsHii 


143 


H 


F 


F 


F 


OCF2 




144 


H 


F 


F 


F 


OCF2 


n-C7Hi5 


145 


CHs 


H 


F 


F 


Bond 


CH3 


146 


CHa 


H 


F 


F 


Bond 


C2H5 


147 


CH3 


H 


F 


F 


Bond 


n-CaHy 


148 


CH3 


H 


F • 


F 


Bond 


n-C4H9 


149 


CHa 


H 


F 


F 


Bond 


n-CsHii 


150 


CH3 


H 


F 


F 


Bond 


n-CsHis 


151 


CH3 


H 


F 


F 


Bond 


n-CzHis 


152 


CH3 


F 


F 


F 


Bond 


CH3 


153 


CH3 


F 


F 


F 


Bond 


C2H5 


154 


CH3 


F 


F 


F 


Bond 


n-CsH/ 


155 


CH, 


F 


F 


F 


Bond 


n-C4H9 



P03166 TRANS GB PCT.dOC 



-49- 



Example 




x' 




X=» 


Z 


R 


156 


CHa 


F 


F 


F 


Bond 


n-CsHi, 


157 


CHa 


F 


F 


F 


Bond 




158 


CHa 


F 


F 


F 


Bond 


n-CyHis 


159 


CHa 


F 


F 


F 


CF2CF2 


CHa 


160 


CHa 


F 


F 


F 


CF2CF2 


C2H5 


161 


CHa 


F 


F 


F 


CF2CF2 


n-CsH/ 


162 


CHa 


F 


F 


F 


CF2CF2 


n-C4H9 


163 


CHs 


F 


F 


F 


CF2CF2 


n-CsHii 


164 


CHa 


F 


F 


F 


CF2CF2 


n-CeHia 


165 


CHs 


F 


F 


F 


CF2CF2 


n-CyHis 


166 


CHs 


F 


F 


F 


OCF2 


CH3 


167 


CHs 


F 


F 


F 


OCF2 


C2H5 


168 


CHs 


F 


F 


F 


OCF2 


n-CaHy 


169 


CHs 


F 


F 


F 


OCF, 


n-C4H9 


170 


CHa 


F 


F 


F 


OCF2 


n-CsHii 


171 


CHa 


F 


F 


F 


OCF2 


n-CeHia 


172 


CHa 


F 


F 


F 


OCF2 


n-CyHis 


173 


CzHs 


H 


F 


F 


Bond 


CH3 


174 


C2H5 


H 


F 


F 


Bond 


C2H5 


175 


C2H5 


H 


F 


F 


Bond 


n-CsHy 


176 


CaHs 


H 


F 


F 


Bond 


n-C4H9 


177 


C2H5 


H 


F 


F 


Bond 




178 


C2H5 


H 


F 


F 


Bond 


n-CsHia 


179 


C2H5 


H 


F 


F 


Bond 


n-CyHis 


180 


CjHs 


F 


F 


F 


Bond 


CH3 


181 


C2H5 


F 


F 


F 


Bond 


C2H5 


182 


C2H5 


F 


F 


F 


Bond 


n-CsHy 


183 


C2H5 


F 


F 


F 


Bond 




184 


CjHs 


F 


F 


F 


Bond 


n-CsHu 


185 


CzHs 


F 


F 


F 


Bond 


n-CgH^a 


186 


C2HS 


F 


F 


F 


Bond 


n-C^His 


187 


n-CaH/ 


H 


F 


F 


Bond 


CHa 


188 


n-CaH7 


H 


F 


F 


Bond 


C2H5 
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lo 



15 



Example 










Z 


R 


189 


n-CsHy 


H 


F 


F 


Bond 


n-CsHy 


190 


n-CsHy 


H 


F 


F 


Bond 


n-C4H9 


191 


n-CaHy 


H 


F 


F 


Bond 


n-CsHii 


192 


n-CsHy 


H 


F 


F 


Bond 


n-CeHis 


193 


n-CsHy 


H 


F 


F 


Bond 


n-C7Hi5 


194 


n-CsHy 


F 


F 


F 


Bond 


CHs 


195 


n-CsHy 


F 


F 


F 


Bond 


C2H5 


196 


n-C3H7 


F 


F 


F 


Bond 


n-CsH/ 


197 




F 


F 


F 


Bond 


n-C4H9 


198 


n-CsHy 


F 


F 


F 


Bond 


n-CsHii 


199 


n-CsHy 


F 


F 


F 


Bond 


n-CeHis 


200 




F 


F 


F 


Bond 


n-CyHis 


201 


n-C4H9 


H 


F 


F 


Bond 


CH3 


202 


n-C4H9 


H 


F 


F 


Bond 




203 


n-C4H9 


H 


F 


F 


Bond 




204 


n-C4H9 


H 


F 


F 


Bond 


n-C4H9 


205 


n-C4H9 


H 


F 


F 


Bond 


n-CsHii 


206 


n-C4H9 


H 


F 


F 


Bond 


n-CsHia 


207 


n-C4H9 


H 


F 


F 


Bond 


n-CyHis 


208 


n-C4H9 


F 


F 


F 


Bond 


CH3 


209 


n-C4H9 


F 


F 


F 


Bond 




210 


n-C4H9 


F 


F 


F 


Bond 


n-CsHy 


211 


n-C4H9 


F 


F 


F 


Bond 


n-C4H9 


212 


n-C4H9 


F 


F 


F 


Bond 


n-CsHn 


213 


n-C4H9 


F 


F 


F 


Bond 


n-CeHia 


214 


n-C4Hg 


F 


F 


F 


Bond 


n-CyHis 


215 


n-CsHii 


H 


F 


F 


Bond 


CH3 


216 


n-CsHii 


H 


F 


F 


Bond 


C2H5 


217 


n-CsHu 


H 


F 


F 


Bond 


n-CaHr 


218 


n-CsH,, 


H 


F 


F 


Bond 


n-C4Hg 


219 


n-CsHii 


H 


F 


F 


Bond 


n-CsHu 


220 


n-CsH,i 


H 


F 


F 


Bond 


n-CeHia 


221 


n-CsHii 


H 


F 


F 


Bond 


n-CzHis 



20 



25 



30 



35 
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5 



Example 








x' 


Z 


R 


222 


n-CsHii 


F 


F 


F 


Bond 


CHa 


223 


n-CsHn 


F 


F 


F 


Bond 


C2H5 


224 


n-CsHii 


F 


F 


F 


Bond 


n-CsHy 


225 


n-CsHn 


F 


F 


F 


Bond 


n-CaHg 


226 


n-CsHn 


F 


F 


F 


Bond 


n-CsHu 


227 


n-CsHii 


F 


F 


F 


Bond 


n-CeHia 


228 




F 


F 


F 


Bond 


n-CrHis 



10 

Examples 229 - 347 



15 




20 



30 



35 



Example 




x^ 


X^ 


X^ 


Z 


R 


229 


H 


H 


H 


F 


Bond 


CHa 


230 


H 


H 


H 


F 


Bond 


C2H5 


231 


H 


H 


H 


F 


Bond 


n-CaHr 


232 


H 


H 


H 


F 


Bond 


n-C4H9 


233 


H 


H 


H 


F 


Bond 


n-CsHu 


234 


H 


H 


H 


F 


Bond 


n-CgHia 


235 


H 


H 


H 


F 


Bond 


n-CyHis 


236 


H 


H 


F 


F 


Bond 


CHa 


237 


H 


H 


F 


F 


Bond 


C2H5 


238 


H 


H 


F 


F 


Bond 


n-CaHy 


239 


H 


H 


F 


F 


Bond 


n-C4H9 


240 


H 


H 


F 


F 


Bond 


n-CsHu 


241 


H 


H 


F 


F 


Bond 


n-CeH-js 


242 


H 


H 


F 


F 


Bond 


n-CrHis 


243 


H 


F 


F 


F 


Bond 


CH, 
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10 



15 



Example 




X' 




X^ 


Z 


R 


244 


H 


F 


F 


F 


Bond 


C2H5 


245 


H 


F 


F 


F 


Bond 


n-CaHy 


246 


H 


F 


F 


F 


Bond 


n-C4H9 


247 


H 


F 


F 


F 


Bond 


n-CsHn 


248 


H 


F 


F 


F 


Bond 


n-CgHia 


249 


H 


F 


F 


F 


Bond 


n-CzHis 


250 


H 


F 


F 


F 


CF2CF2 


CH3 


251 


H 


F 


F 


F 


CF2CF2 


C2H5 


252 


H 


F 


F 


F 


CF2CF2 


n-CsH/ 


253 


H 


F 


F 


F 


CF2CF2 


n-C4H9 


254 


H 


F 


F 


F 


CF2CF2 


n-CsHu 


255 


H 


F 


F 


F 


CF2CF2 


n-CeHia 


256 


H 


F 


F 


F 


CF2CF2 




257 


H 


F 


F 


F 


CF2O 


CH3 


258 


H 


F 


F 


F 


CF2O 


C2H5 


259 


H 


F 


F 


F 


CFp 


n-C3H7 


260 


H 


F 


F 


F 


CF2O 


n-C4H9 


261 


H 


F 


F 


F 


CF2O 


n-CsHii 


262 


H 


F 


F 


F 


CF2O 


n-CeHis 


263 


H 


F 


F 


F 


CF2O 


n-CrHis 


264 


CHa 


H 


F 


F 


Bond 


CH3 


265 


CHa 


H 


F 


F 


Bond 


C2H5 


266 


CHa 


H 


F 


F 


Bond 


n-CsHj 


267 


CHa 


H 


F 


F 


Bond 


n-C4H9 


268 


CHa 


H 


F 


F 


Bond 


n-CgHi^ 


269 


CHa 


H 


F 


F 


Bond 


n-CeHis 


270 


CHa 


H 


F 


F 


Bond 


n-CyHis 


271 


CHa 


F 


F 


F 


Bond 


CH3 


272 


CHa 


F 


F 


F 


Bond 


C2H5 


273 


CHa 


F 


F 


F 


Bond 


n-C3H7 


274 


CHa 


F 


F 


F 


Bond 


n-C4H9 


275 


CHa 


F 


F 


F 


Bond 


n-CsHn 


276 
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F 


F 


F 


CF2CF2 


n-CsHii 


1793 


C2H5 


F 


F 


F 


CF2CF2 


n-CeHia 


1794 


C2H5 


F 


F 


F 


CF2CF2 


h-CtHis 


1795 


CzHj 


F 


F 


F 


CF2O 


CHa 


1796 


C2HS 


F 


F 


F 


CF2O 


C^Hs 


1797 


C^Hs 


F 


F 


F 


CF2O 


n-CaHy 


1798 


C^Hg 


F 


F 


F 


CF2O 


n-C4Hg 


1799 




F 


F 


F 


CF2O 


n-CjHii 
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Example 


R" 






X' 


Z 


R' 


1800 


C2H5 


F 


F 


F 


CF2O 




1801 


C2H5 


F 


F 


F 


CF2O 


n-C7His 


1802 


C2H5 


F 


F 


F 


Bond 


CH3 


1803 


C2H5 


F 


F 


F 


Bond 


C2H5 


1804 


C2H5 


F 


F 


F 


Bond 


n-CsHy 


1805 


C2H5 


F 


F 


F 


Bond 


n-C4H9 


1806 


C2HS 


F 


F 


F 


Bond 


n-CsHu 


1807 


C2H5 


F 


F 


F 


Bond 


n-CeHia 


1808 


C2H5 


F 


F 


F 


Bond 


n-CzHis 


1809 




F 


F 


F 


Bond 


CH3 


1810 


n-CsHy 


F 


F 


F 


Bond 


C2H5 


1811 


n-CsHz 


F 


F 


F 


Bond 


n-CsHy 


1812 


n-CaH? 


F 


F 


F 


Bond 


n-C4H9 


1813 


n-CsH/ 


F 


F 


F 


Bond 


n-CsHii 


1814 


n-CaHy 


F 


F 


F 


Bond 


n-CeHia 


1815 




F 


F 


F 


Bond 


n-C7Hi5 


1816 


n-CaHg 


F 


F 


F 


Bond 


CH3 


1817 


n-C4H9 


F 


F 


F 


Bond 


C^Hs 


1818 


n-C4H9 


F 


F 


F 


Bond 


n-CaH/ 


1819 


n-C4H9 


F 


F 


F 


Bond 


n-C4H9 


1820 


n-C4H9 


F 


F 


F 


Bond 


n-CsHii 


1821 


n-C4H9 


F 


F 


F 


Bond 


n-CeHia 


1822 


n-C4H9 


F 


F 


F 


Bond 


n-C/His 


1823 


n-CsHii 


F 


F 


F 


Bond 


CH3 


1824 


n-CsHii 


F 


F 


F 


Bond 


C^Hs 


1825 


n-CsHii 


F 


F 


F 


Bond 


n-CaH/ 


1826 


n-CsHii 


F 


F 


F 


Bond 


n-C4H9 


1827 


n-CjHii 


F 


F 


F 


Bond 


n-CsHii 


1828 


n-CsHii 


F 


F 


F 


Bond 


n-CeHia 


1829 


n-CsHii 


F 


F 


F 


Bond 


n-CyHis 
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Examples 1830 - 1871 




15 



20 



25 



30 



Example 












R 


1830 


H 


F 


F 


F 


F 


CHa 


1831 


H 


F 


F 


F 


F 


C2H5 


1832 


H 


F 


F 


F 


F 


n-CaH/ 


1833 


H 


F 


F 


F 


F 


n-C4H9 


1834 


H 


F 


F 


F 


F 


n-CsHii 


1835 


H 


F 


F 


F 


F 


n-CeHia 


1836 


H 


F 


F 


F 


F 


n-CyHis 


1837 


CHa 


F 


F 


F 


F 


CHa 


1838 


CHa 


F 


F 


F 


F 


C2HS 


1839 


CHa 


F 


F 


F 


F 


n-CaH/ 


1840 


CHa 


F 


F 


F 


F 


n-C4H9 


1841 


CHa 


F 


F 


F 


F 


n-CsHi, 


1842 


CHa 


F 


F 


F 


F 


n-CeHi3 


1843 


CHa 


F 


F 


F 


F 


n-CyHis 


1844 


CgHs 


F 


F 


F 


F 


CHa 


1845 


C2HS 


F 


F 


F 


F 


C2H5 


1846 


C2HS 


F 


F 


F 


F 


n-CaH/ 


1847 


C2HS 


F 


F 


F 


F 


n-C4Hg 


1848 


C2H5 


F 


F 


F 


F 


n-CsHn 


1849 


C2H5 


F 


F 


F 


F 


n-CeHia 


1850 


C2H5 


F 


F 


F 


F 


n-C7Hi5 


1851 


n-CaHr 


F 


F 


F 


F 


CHa 


1852 


n-CaHy 


F 


F 


F 


F 


C2HS 


1853 


n-CsHy 


F 


F 


F 


F 


n-CaHy 


1854 


n-CaHy 


F 


F 


F 


F 


n-C4Hg 
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5 



Pxamole 






j(ib 




X' 


R 


1855 


n-CsH/ 


F 


F 


F 


F 


n-CsHu 


1856 


n-CaH/ 


F 


F 


F 


F 


n-CeHis 


1857 


n-CsH/ 


F 


F 


F 


F 


n-C7His 


1858 


n-C4Hg 


F 


F 


F 


F 


CHa 


1859 


n-C4H9 


F 


F 


F 


F 


C2H5 


1860 


n-C4H9 


F 


F 


F 


F 


h-CsHt 


1861 


n-C4H9 


F 


F 


F 


F 


n-C4H9 


1862 


n-C4H9 


F 


F 


F 


F 


n-CsHii 


1863 


n-C4H9 


F 


F 


F 


F 


n-CeHi3 


1864 


n-C4H9 


F 


F 


F 


F 


n-C7His 


1865 


n-CsHii 


F 


F 


F 


F 


CH3 


1866 


n-CsHii 


F 


F 


F 


F 


C2H5 


1867 


n-CsHii 


F 


F 


F 


F 


n-CaHy 


1868 


n-CsH,, 


F 


F 


F 


F 


n-C4H9 


1869 


n-CsHii 


F 


F 


F 


F 


n-CsHii 


1870 


n-CsHii 


F 


F 


F 


F 


n-CgHia 


1871 


n-CsHii 


F 


F 


F 


F 


n-C/His 



20 

Example 1872-1941 



25 




30 



35 



Example 








X^" 


X» 


Z 


R 


1872 


H 


F 


F 


F 


F 


Bond 


CH3 


1873 


H 


F 


F 


F 


F 


Bond 


C2HS 


1874 


H 


F 


F 


F 


F 


Bond 


n-CsHy 


1875 


H 


F 


F 


F 


F 


Bond 


n-C4H9 


1876 


H 


F 


F 


F 


F 


Bond 


n-CsHii 
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35 



Example 










X' 


Z 


R 


1877 


H 


F 


F 


F 


F 


Bond 


n-CeH-js 


1878 


H 


F 


F 


F 


F 


Bond 


n-C7Hi5 


1879 


H 


F 


F 


F 


F 


CF2CF2 


CH3 


1880 


H 


F 


F 


F 


F 


CF2CF2 


C2H5 


1881 


H 


F 


F 


F 


F 


CF2CF2 


n-CsH/ 


1882 


H 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


1883 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHn 


1884 


H 


F 


F 


F 


F 


CF2CF2 




1885 


H 


F 


F 


F 


F 


CF2CF2 


n-C/His 


1886 


H 


F 


F 


F 


F 


OCF2 


CH3 


1887 


H 


F 


F 


F 


F 


OCF2 


C2H5 


1888 


H 


F 


F 


F 


F 


OCF2 


n-CsHz 


1889 


H 


F 


F 


F 


F 


OCF2 


n-C4H9 


1890 


H 


F 


F 


F 


F 


OCF2 


n-CsHu 


1891 


H 


F 


F 


F 


F 


OCF2 


n-C6Hi3 


1892 


H 


F 


F 


F 


F 


OCF, 


n-C7Hi5 


1893 


CHa 


F 


F 


F 


F 


Bond 


CH3 


1894 


CHa 


F 


F 


F 


F 


Bond 


C2H5 


1895 


CHa 


F 


F 


F 


F 


Bond 


n-CsH/ 


1896 


CHa 


F 


F 


F 


F 


Bond 


n-C4H9 


1897 


CHa 


F 


F 


F 


F 


Bond 


n-CsHii 


1898 


CH, 


F 


F 


F 


F 


Bond 


n-CsHis 


1899 


CHa 


F 


F 


F 


F 


Bond 


r-CtHis 


1900 


CHa 


F 


F 


F 


F 


CF2CF2 


CHs 


1901 


CH, 


F 


F 


F 


F 


CF2CF2 


C2H5 


1902 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CsH/ 


1903 


CHa 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


1904 


CHa 


F 


F 


F 


F 


CF^CFg 


n-CsHii 


1905 


CHp 


F 


F 


F 


F 


CF2CF2 


n-CeHis 


1906 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CyHis 


1907 


CHa 


F 


F 


F 


F 


OCF2 


CH3 


1908 


CHa 


F • 


F 


F 


F 


OCF2 


C2H5 


1909 


CHa 


F 


F 


F 


F 


OCF2 


n-CaHy 
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10 



15 



20 



25 



30 



Example 




X" 






X' 


Z 


R 


1910 


CHa 


F 


F 


F 


F 


OCF2 


n-C4H9 


1911 


CHs 


F 


F 


F 


F 


OCF2 


n-CsHu 


1912 


CHa 


F 


F 


F 


F 


OCF2 


n-CsHia 


1913 


CH3 


F 


F 


F 


F 


OCF2 


n-C7Hi5 


1914 


C2H5 


F 


F 


F 


F 


Bond 


CH3 


1915 


C2H5 


F 


F 


F 


F 


Bond 


C2H5 


1916 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHy 


1917 


C2H5 


F 


F 


F 


F 


Bond 


n-C4H9 


1918 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHu 


1919 


C2H5 


F 


F 


F 


F 


Bond 


n-CeH-ia 


1920 


C2H5 


F 


F 


F 


F 


Bond 


n-CyHis 


1921 


n-CaHr 


F 


F 


F 


F 


Bond 


CHa 


1922 


n-CsHy 


F 


F 


F 


F 


Bond 


C2H5 


1923 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CaHy 


1924 


n-CaHy 


F 


F 


F 


F 


Bond 


n-C4H9 


1925 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CsHu 


1926 


n-CaH/ 


F 


F 


F 


F 


Bond 


n-CeHia 


1927 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CyHis 


1928 


n-C4H9 


F 


F 


F 


F 


Bond 


CHa 


1929 


n-C4H9 


F 


F 


F 


F 


Bond 


C2H5 


1930 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CaHy 


1931 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C4H9 


1932 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHii 


1933 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CeH-ia 


1934 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CyHis 


1935 


n-CsHii 


F 


F 


F 


F 


Bond 


CH3 


1936 


n-CsHii 


F 


F 


F 


F 


Bond 


C2H5 


1937 


n-CsHii 


F 


F 


F 


F 


Bond 


n-C^Hy 


1938 


n-CsHii 


F 


F 


F 


F 


Bond 


n-C4H9 


1939 




F 


F 


F 


F 


Bond 


n-CsHn 


1940 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CeHia 


1941 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CyHis 



35 
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Examples 1942-2011 



5 




10 



15 



20 



25 



Example 










X' 


Z 


R 


1942 


H 


F 


F 


F 


F 


Bond 


CHa 


1943 


H 


F 


F 


F 


F 


Bond 


C2HS 


1944 


H 


F 


F 


F 


F 


Bond 


n-CaHy 


1945 


H 


F 


F 


F 


F 


Bond 


n-C4H9 


1946 


H 


F 


F 


F 


F 


Bond 


n-CsH,, 


1947 


H 


F 


F 


F 


F 


Bond 


n-CgHia 


1948 


H 


F 


F 


F 


F 


Bond 


h-CtHib 


1949 


H 


F 


F 


F 


F 


CF2CF2 


CHa 


1950 


H 


F 


F 


F 


F 


CFgCF^ 


C2HS 


1951 


H 


F 


F 


F 


F 


CF2CF2 


n-CaHy 


1952 


H 


F 


F 


F 


F 


CF2CF2 


n-C4Hg 


1953 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHu 


1954 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHis 


1955 


H 


F 


F 


F 


F 


CF2CF2 


n-CyHis 


1956 


H 


F 


F 


F 


F 


CF2O 


CH3 


1957 


H 


F 


F 


F 


F 


CF2O 


C2H5 


1958 


H 


F 


F 


F 


F 


CF,0 


n-CaHr 


1959 


H 


F 


F 


F 


F 


CFp 




1960 


H 


F 


F 


F 


F 


CF,0 


n-CsHii 


1961 


H 


F 


F 


F 


F 


CF2O 


n-CeHia 


1962 


H 


F 


F 


F 


F 


CF2O 




1963 


CHa 


F 


F 


F 


F 


Bond 


CH3 


1964 


CHa 


F 


F 


F 


F 


Bond 


C2H5 


1965 


CHa 


F 


F 


F 


F 


Bond 


n-CaHy 
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lo 



15 



Example 










X' 


Z 


R 


1966 


CHs 


F 


F 


F 


F 


Bond 


n-C4H9 


1967 


CHa 


F 


F 


F 


F 


Bond 


n-CsHu 


1968 


CHa 


F 


F 


F 


F 


Bond 


n-CgHia 


1969 


CHa 


F 


F 


F 


F 


Bond 


n-CyHis 


1970 


CHa 


F 


F 


F 


F 


CF2CF2 


CHa 


1971 


CHa 


F 


F 


F 


F 


CF2CF2 


C2H5 


1972 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CaH7 


1973 


CHa 


F 


F 


F 


F 


CF2CF2 


n-C4Hg 


1974 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CsHi, 


1975 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CeHia 


1976 


CHs 


F 


F 


F 


F 


CF2CF2 


n-CyHis 


1977 


CHa 


F 


F 


F 


F 


CF2O 


CH3 


1978 


CHa 


F 


F 


F 


F 


CF2O 


C2H5 


1979 


CHa 


F 


F 


F 


F 


CF2O 


n-CsHy 


1980 


CHa 


F 


F 


F 


F 


CF2O 


n-C4H9 


1981 


CHa 


F 


F 


F 


F 


CF2O 


n-CsHii 


1982 


CHa 


F 


F 


F 


F 


CF2O 


n-CeH-is 


1983 


CHa 


F 


F 


F 


F 


CF2O 


n-C7Hi$ 


1984 


C2H5 


F 


F 


F 


F 


Bond 


CH3 


1985 


C^Hs 


F 


F 


F 


F 


Bond 


C2H5 


1986 


C2HS 


F 


F 


F 


F 


Bond 


n-CsHy 


1987 


CaHs 


F 


F 


F 


F 


Bond 


n-C4H9 


1988 


CgHs 


F 


F 


F 


F 


Bond 


n-CsHu 


1989 


C2HS 


F 


F 


F 


F 


Bond 




1990 


C2H5 


F 


F 


F 


F 


Bond 


n-CyHis 


1991 


n-CaHy 


F 


F 


F 


F 


Bond 


CH3 


1992 


n-CaHy 


F 


F 


F 


F 


Bond 




1993 


n-CaHy 


F 


F 


F 


F 


Bond 


n-CaHy 


1994 


D-CaHr 


F 


F 


F 


F 


Bond 


n-C4H9 


1995 


n-CsH/ 


F 


F 


F 


F 


Bond 


n-CsHii 


1996 


n-CaHy 


F 


F 


F 


F 


Bond 


n-CeHia 


1997 


n-CaHy 


F 


F 


F 


F 


Bond 


n-CyHis 


1998 


n-C4H9 


F 


F 


F 


F 


Bond 


CHa 



20 



25 



30 



35 
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5 



10 



Example 




X" 






X' 


Z 


R 


1999 


n-C4HB 


F 


F 


F 


F 


Bond 


C2HS 


2000 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHy 


2001 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C4H9 


2002 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHn 


2003 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CeHia 


2004 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C7Hi5 


2005 


n-CsHn 


F 


F 


F 


F 


Bond 


CH3 


2006 


n-CsHii 


F 


F 


F 


F 


Bond 


C2H5 


2007 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CaH/ 


2008 


n-CsHu 


F 


F 


F 


F 


Bond 


n-C4H9 


2009 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CsH,i 


2010 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CeHis 


2011 


n-CsHn 


F 


F 


F 


F 


Bond 


n-CyHis 



Examples 2012 - 2081 



20 




25 



Example 




X'" 


X" 


X^ 


X' 


Z 


R 


2012 


H 


F 


F 


F 


F 


Bond 


CH3 


2013 


H 


F 


F 


F 


F 


Bond 




2014 


H 


F 


F 


F 


F 


Bond 


n-CsHr 


2015 


H 


F 


F 


F 


F 


Bond 


n-C4H9 


2016 


H 


F 


F 


F 


F 


Bond 




2017 


H 


F 


F 


F 


F 


Bond 




2018 


H 


F 


F 


F 


F 


Bond 


n-CyHis 


2019 


H 


F 


F 


F 


F 


CF,CF2 


CH3 


2020 


H 


F 


F 


F 


F 


CF2CF2 


C2HS 
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35 



Example 












Z 


R 


2021 


H 


F 


F 


F 


F 


CF2CF2 


n-CaH/ 


2022 


H 


F 


F 


F 


F 


CF2CF2 


n-C4Hg 


2023 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHii 


2024 


H 


F 


F 


F 


F 


CF2CF2 


n-CsH-ia 


2025 


H 


F 


F 


F 


F 


CF2CF2 


n-C7Hi5 


2026 


H 


F 


F 


F 


F 


CF2O 


CH3 


2027 


H 


F 


F 


F 


F 


CF2O 


C2H5 


2028 


H 


F 


F 


F 


F 


CF2O 


n-CsHz 


2029 


H 


F 


F 


F 


F 


CF2O 


n-C4H9 


2030 


H 


F 


F 


F 


F 


CF2O 


n-CsHu 


2031 


H 


F 


F 


F 


F 


CF2O 




2032 


H 


F 


F 


F 


F 


CF2O 


n-C7Hi5 


2033 


CHa 


F 


F 


F 


F 


Bond 


CH3 


2034 


CHa 


F 


F 


F 


F 


Bond 


C2H5 


2035 


CHa 


F 


F 


F 


F 


Bond 


n-CsHr 


2036 


CHa 


F 


F 


F 


F 


Bond 


n-C4H9 


2037 


CHa 


F 


F 


F 


F 


Bond 


n-CsHn 


2038 


CHa 


F 


F 


F 


F 


Bond 




2039 


CHa 


F 


F 


F 


F 


Bond 




2040 


CHa 


F 


F 


F 


F 


CF2CF2 


CH3 


2041 


CHa 


F 


F 


F 


F 


CF2CF2 


C2H5 


2042 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CsHy 


2043 


CHa 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2044 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CsHn 


2045 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CeHia 


2046 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CyHis 


2047 


CHa 


F 


F 


F 


F 


CF2O 


CHa 


2048 


CHa 


F 


F 


F 


F 


CF2O 


C2H5 


2049 


CHa 


F 


F 


F 


F 


CFgO 


n-C3H7 


2050 


CH, 


F 


F 


F 


F 


CF2O 


n-C4H9 


2051 


CHa 


F 


F 


F 


F 


CF2O 


n-CsHu 


2052 


CHa 


F 


F 


F 


F 


CF^O 


n-CeHia 


2053 


CHa 


F 


F 


F 


F 


CFP 
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Example 












Z 


R 


2054 


C2H5 


F 


F 


F 


F 


Bond 


CH3 


2055 


C2H5 


F 


F 


F 


F 


Bond 


C^Hs 


2056 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHy 


2057 


C2H5 


F 


F 


F 


F 


Bond 


n-C4H9 


2058 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHn 


2059 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHia 


2060 


C2H5 


F 


F 


F 


F 


Bond 


n-C7Hi5 


2061 


n-CsHr 


F 


F 


F 


F 


Bond 


CH3 


2062 


n-CsHz 


F 


F 


F 


F 


Bond 


C2H5 


2063 


n-CaH/ 


F 


F 


F 


F 


Bond 


n-CsHy 


2064 


n-CsHj 


F 


F 


F 


F 


Bond 


n-C4H9 


2065 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CsHn 


2066 


n-CsH/ 


F 


F 


F 


F 


Bond 


n-CgH-ia 


2067 


n-C3H7 


F 


F 


F 


F 


Bond 


n-CyHis 


2068 


n-C4H9 


F 


F 


F 


F 


Bond 


CH3 


2069 


n-C4H9 


F 


F 


F 


F 


Bond 


C2H5 


2070 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsH/ 


2071 




F 


F 


F 


F 


Bond 


n-C4H9 


2072 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHn 


2073 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CeHis 


2074 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CyHis 


2075 


n-CsHn 


F 


F 


F 


F 


Bond 


CH3 


2076 


n-C5Hii 


F 


F 


F 


F 


Bond 


C2H5 


2077 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CsHy 


2078 


n-CsHii 


F 


F 


F 


F 


Bond 


n-C4H9 


2079 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CsHii 


2080 


n-CsHn 


F 


F 


F 


F 


Bond 


n-CeHia 


2081 




F 


F 


F 


F 


Bond 


n-CyHis 
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Examole 












Z 




2082 


wi 13 


F 


F 


F 


F 


Bond 


CH3 


2083 


CH3 


F 


F 


F 


F 


Bond 


CsHs 


2084 


CH3 


F 


F 


F 


F 


Bond 


n-CsH? 


2085 


CH3 


F 


F 


F 


F 


Bond 


n-C4H9 


2086 


CH3 


F 


F 


F 


F 


Bond 


n-CsHu 


2087 


CHs 


F 


F 


F 


F 


Bond 


n-CgH-is 


2088 


CH3 


F 


F 


F 


F 


Bond 


n-CyHis 


2089 


CH3 


F 


F 


F 


F 


CF2CF2 
£ — & — 


CH3 


2090 


CH3 


F 


F 


F 


F 


CF2CF2 


C2H5 


2091 


CH3 


F 


F 


F 


F 


CF2CF2 


n-CsH/ 


2092 


CH3 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2093 


CH3 


F 


F 


F 


F 


CF2CF2 


n-CsHn 


2094 


CH3 


F 


F 


F 


F 


CF2CF2 


n-C6Hi3 


2095 


CH3 


F 


F 


F 


F 


CF2CF2 


n-CyHis 


2096 


C2H5 


F 


F 


F 


F 


CF2CF2 


CH3 


2097 


C2H5 


F 


F 


F 


F 


CF2CF2 


C2H5 


2098 


C2H5 


F 


F 


F 


F 


CF2CF2 


n-C3H7 


2099 


C2H5 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2100 


C2H5 


F 


F 


F 


F 


CF2CF2 


n-CsHii 


2101 


C2H5 


F 


F 


F 


F 


CF2CF2 


n-CeHia 


2102 


C2H5 


F 


F 


F 


F 


CF2CF2 




2103 


C2H5 


F 


F 


F 


F 


Bond 


CH3 


2104 


C2H5 


F 


F 


F 


F 


Bond 


C2H5 


2105 


C2H5 


F 


F 


F 


F 


Bond 


n-CaHr 


2106 


C2H5 


F 


F 


F 


F 


Bond 


n-C4H9 


2107 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHii 
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Example 




^1a 








Z 




2108 


C2H5 


F 


F 


F 


F 


Bond 


n-CeHia 


2109 


C;2H5 


F 


F 


F 


F 


Bond 


n-CyHis 


2110 


n-CsH/ 


F 


F 


F 


F 


Bond 




2111 


n-CaHy 


F 


F 


F 


F 


Bond 


C2H5 


2112 


n-CgHz 


F 


F 


F 


F 


Bond 


n-CaHy 


2113 


n-CaH/ 


F 


F 


F 


F 


Bond 


n-C4H9 


2114 


n-CaH/ 


F 


F 


F 


F 


Bond 


n-CsHu 


2115 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CeHia 


2116 


n-CsHy 


F 


F 


F 


F 


Bond 


n-C/His 


2117 


n-C4H9 


F 


F 


F 


F 


Bond 


CHa 


2118 


n'C4H9 


F 


F 


F 


F 


Bond 


C2H5 


2119 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CaHz 


2120 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C4H9 


2121 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHu 


2122 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CeHia 


2123 


n-C4Hg 


F 


F 


F 


F 


Bond 


n-CyHis 


2124 


n-CsHii 


F 


F 


F 


F 


Bond 


CHa 


2125 


n-CsHii 


F 


F 


F 


F 


Bond 


C2H5 


2126 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CaHy 


2127 


n-CsHu 


F 


F 


F 


F 


Bond 


n-C4H9 


2128 


n-CsHn 


F 


F 


F 


F 


Bond 


n-CsHu 


2129 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CeHia 


2130 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CyHis 



Examples 2131 -2193 
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Example 


R" 










Z 


R" 


2131 


CHa 


F 


F 


F 


F 


Bond 


CHa 


2132 


CHs 


F 


F 


F 


F 


Bond 


C2H5 


2133 


CHa 


F 


F 


F 


F 


Bond 


n-CaHr 


2134 


CHa 


F 


F 


F 


F 


Bond 


n-C4H9 


2135 


CHa 


F 


F 


F 


F 


Bond 


n-CsHii 


2136 


CHa 


F 


F 


F 


F 


Bond 


n-CeHia 


2137 


CHa 


F 


F 


F 


F 


Bond 


n-CyHis 


2138 


CHa 


F 


F 


F 


F 


CF2CF2 


CHa 


2139 


CHa 


F 


F 


F 


F 


CF2CF2 


C2H5 


2140 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CaH? 


2141 


CHa 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2142 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CsHn 


2143 


CHa 


F 


F 


F 


F 


CF,CF2 


n-CeHia 


2144 


CHa 


F 


F 


F 


F 


CF2CF2 


n-CrHis 


2145 


CHa 


F 


F 


F 


F 


OCF2 


CH3 


2146 


CHa 


F 


F 


F 


F 


OCF2 


C2H5 


2147 


CHa 


F 


F 


F 


F 


OCF2 


n-CsHy 


2148 


CHa 


F 


F 


F 


F 


OCF2 


n-C4H9 


2149 


CHa 


F 


F 


F 


F 


OCF2 


n-CsHii 


2150 


CHa 


F 


F 


F 


F 


OCF2 




2151 


CHa 


F 


F 


F 


F 


OCF2 


n-CrHis 


2152 




F 


F 


F 


F 


CF2CF2 


CHa 


2153 


CgH^ 


F 


F 


F 


F 


CF2CF2 


C2H5 


2154 


C2HS 


F 


F 


F 


F 


CF2CF2 


n-CaHy 


2155 


C^Hs 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2156 


C2HS 


F 


F 


F 


F 


CF2CF2 


n-CsHii 


2157 


CgH§ 


F 


F 


F 


F 


CF2CF2 


n-CeHia 


2158 


C2H5 


F 


F 


F 


F 


CF2CF2 




2159 


CM, 


F 


F 


F 


F 


OCF2 


CHa 


2160 


C2H5 


F 


F 


F 


F 


OCF2 


Ci^Hs 


2161 


^^^^ 


F 


F 


F 


F 


OCF, 


n-CaH/ 


2162 


CaHs 


F 


F 


F 


F 


OCF2 


n-C4H9 


2163 


C2H5 


F 


F 


F 


F 


OCF2 


n-CsHii 
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Example 




X" 








Z 


R» 


2164 


C2H5 


F 


F 


F 


F 


OCF2 


n-CsHia 


2165 


C2H5 


F 


F 


F 


F 


OCF2 


n-CyHis 


2166 


C2H5 


F 


F 


F 


F 


Bond 


CH3 


2167 


C2H5 


F 


F 


F 


F 


Bond 


C2H5 


2168 


C2H5 


F 


F 


F 


F 


Bond 


n-CaHy 


2169 


C2H5 


F 


F 


F 


F 


Bond 


n-C4H9 


2170 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHu 


2171 


C2H5 


F 


F 


F 


F 


Bond 


n-CeH-ia 


2172 


C2H5 


F 


F 


F 


F 


Bond 


n-C/His 


2173 


n-CsH/ 


F 


F 


F 


F 


Bond 


CH3 


2174 


n-CsH/ 


F 


F 


F 


F 


Bond 


C2H5 


2175 


n-CaHr 


F 


F 


F 


F 


Bond 


n-CaHy 


2176 


n-CsHr 


F 


F 


F 


F 


Bond 


n-C4Hg 


2177 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CsHu 


2178 


n-CsHr 


F 


F 


F 


F 


Bond 


n-CsHis 


2179 




F 


F 


F 


F 


Bond 


n-CyHis 


2180 


n-C4H9 


F 


F 


F 


F 


Bond 


CH3 


2181 


n-C4H9 


F 


F 


F 


F 


Bond 


C2H5 


2182 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHj 


2183 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C4H9 


2184 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHii 


2185 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CeH-ia 


2186 


n-C4H9 


F 


F 


F 


F 


Bond 




2187 


n-CsHii 


F 


F 


F 


F 


Bond 




2188 


n-CsH^i 


F 


F 


F 


F 


Bond 


C2H5 


2189 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CsHy 


2190 


n-CsHn 


F 


F 


F 


F 


Bond 


n-C4H9 


2191 


n-CsHu 


F 


F 


F 


F 


Bond 


n-C$Hi^ 


2192 


n-CsHi^ 


F 


F 


F 


F 


Bond 


n-CeHia 


2193 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CyHis 
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Examples 2194-2235 




Example 










X* 


R 


2194 


H 


F 


F 


F 


F 


CH3 


2195 


H 


F 


F 


F 


F 


C2H5 


2196 


H 


F 


F 


F 


F 




2197 


H 


F 


F 


F 


F 


n-C4Hg 


2198 


H 


F 


F 


F 


F 


n-CsHu 


2199 


H 


F 


F 


F 


F 


n-CsHis 


2200 


H 


F 


F 


F 


F 


n-CrHis 


2201 


CH3 


F 


F 


F 


F 


CH3 


2202 


CH3 


F 


F 


F 


F 


C2H5 


2203 


CH3 


F 


F 


F 


F 




2204 


CHs 


F 


F 


F 


F 


n-C4H9 


2205 


CH3 


F 


F 


F 


F 


n-CgHn 


2206 


CH3 


F 


F 


F 


F 


n-CeHia 


2207 


CH3 


F 


F 


F 


F- 


n-CyHis 


2208 


C2H5 


F 


F 


F 


F 


CH3 


2209 


C2H5 


F 


F 


F 


F 


C2H5 


2210 


C2H5 


F 


F 


F 


F 


n-CsHr 


2211 


C2H5 


F 


F 


F 


F 


n-C4H9 


2212 


C2H5 


F 


F 


F 


F 


n-CsHii 


2213 




F 


F 


F 


F 


n-CeHia 


2214 


C2H5 


F 


F 


F 


F 


n-CyHis 


2215 


n-CaHy 


F 


F 


F 


F 


CH3 


2216 


n-CsHy 


F 


F 


F 


F 


C2H5 


2217 


n-C3H7 


F 


F 


F 


F 


n-CaH/ 


2218 


n-CsHy 


F 


F 


F 


F 


n-C4H9 


2219 


n-CsHy 


F 


F 


F 


F 


n-CsHii 
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10 



15 



Example 




X" 






X' 


R 


2220 


n-CsH/ 


F 


F 


F 


F 


n-CsH-ta 


2221 


n-CsHr 


F 


F 


F 


F 




2222 


n-C4H9 


F 


F 


F 


F 




2223 


n-C4H9 


F 


F 


F 


F 


C2H5 


2224 


n-CaHg 


F 


F 


F 


F 


n-CaHy 


2225 


n-C4H9 


F 


F 


F 


F 


n-C4H9 


2226 


n-CaHg 


F 


F 


F 


F 


n-CsHu 


2227 


n-C4H9 


F 


F 


F 


F 


n-CeHia 


2228 


n-C4H9 


F 


F 


F 


F 




2229 


n-CsHii 


F 


F 


F 


F 


CHa 


2230 


n-CsHi, 


F 


F 


F 


F 


C2H5 


2231 


n-CsHu 


F 


F 


F 


F 


n-CaHy 


2232 


n-CsHii 


F 


F 


F 


F 


n-C4H9 


2233 


n-CsHu 


F 


F 


F 


F 


n-CsHn 


2234 


n-CsHii 


F 


F 


F 


F 


n-CeHis 


2235 


n-CsHii 


F 


F 


F 


F 


n-CyHis 



Examples 2236 - 2305 



25 




30 



Example 




X^" 




X^ 


X' 


Z 


R 


2236 


H 


F 


F 


F 


F 


Bond 


CH3 


2237 


H 


F 


F 


F 


F 


Bond 


CaHs 


2238 


H 


F 


F 


F 


F 


Bond 


n-CsH/ 


2239 


H 


F 


F 


F 


F 


Bond 


n-C4H9 


2240 


H 


F 


F 


F 


F ■ 


Bond 


n-CsHu 


2241 


H 


F 


F 


F 


F 


Bond 


n-CgHia 
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Example 










X' 


Z 


R 


2242 


H 


F 


F 


F 


F 


Bond 


n-CyHis 


2243 


H 


F 


F 


F 


F 


CF2CF2 


CHs 


2244 


H 


F 


F 


F 


F 


CF2CF2 


C2H5 


2245 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHy 


2246 


H 


F 


F 


F 


F 


CF2CF2 


n-G4H9 


2247 


H 


F 


F 


F - 


F 


CF2CF2 


n-CsHn 


2248 


H 


F 


F 


F 


F 


CF2CF2 


n-CsHis 


2249 


H 


F 


F 


F 


F 


CF2CF2 


n-CrHis 


2250 


H 


F 


F 


F 


F 


OCF2 


CHs 


2251 


H 


F 


F 


F 


F 


OCF2 


C2H5 


2252 


H 


F 


F 


F 


F 


OCF2 


n-CsHy 


2253 


H 


F 


F 


F 


F 


OCF2 


n-C4H9 


2254 


H 


F 


F 


F 


F 


OCF2 


n-CsHii 


2255 


H 


F 


F 


F 


F 


OCF2 


n-CeH-js 


2256 


H 


F 


F 


F 


F 


OCF2 


n-CyHis 


2257 


CHs 


F 


F 


F 


F 


Bond 


CH3 


2258 


CHs 


F 


F 


F 


F 


Bond 




2259 


CHs 


F 


F 


F 


F 


Bond 


n-CsHy 


2260 


CHs 


F 


F 


F 


F 


Bond 


n-C4H9 


2261 


CHs 


F 


F 


F 


F 


Bond 


n-CsHu 


2262 


CHs 


F 


F 


F 


F 


Bond 


n-CeHia 


2263 


CHs 


F 


F 


F 


F 


Bond 




2264 


CHs 


F 


F 


F 


F 


CF2CF2 


CHa 


2265 


CHs 


F 


F 


F 


F 


CF2CF2 


C2H5 


2266 


CHs 


F 


F 


F 


F 


CF2CF2 


n-CsH/ 


2267 


CHs 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2268 


CHs 


F 


F 


F 


F 


CF2CF2 


n-CsHii 


2269 


CHs 


F 


F 


F 


F 


CF2CF2 


n-CeHia 


2270 


CHs 


F 


F 


F 


F 


CF2CF, 


n-CyHis 


2271 


CH, 


F 


F 


F 


F 


OCFj5 


CHa 


2272 


CHs 


F 


F 


F 


F 


OCF2 


C^Hs 


2273 


CHs 


F 


F 


F 


F 


OOF, 


n-CaH/ 


2274 


CHs 


F 


F 


F 


F 


OCF2 


n-C4Hg 
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Example 








X' 




Z 


R 


2275 


CH, 


F 


F 


F 


F 


OCF2 


n-CsH,, 
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F 


F 


F 


F 


OCF2 


C2H5 


2511 


CHa 


F 


F 


F 


F 


OCF2 


n-CaHy 


2512 


CHa 


F 


F 


F 


F 


OCF2 


n-C4H9 


2513 


CHa 


F 


F 


F 


F 


OCF2 


n-C^Hn 


2514 


CHa 


F 


F 


F 


F 


OCF2 




2515 


CHa 


F 


F 


F 


F 


OGF2 


n-CyHis 


2516 


CzHg 


F 


F 


F 


F 


CF2CF2 


CH3 


2517 


CaHs 


F 


F 


F 


F 


CF2CF2 


C2H5 


2518 




F 


F 


F 


F 


CF2CF2 


n-CsH/ 


2519 


C2H5 


F 


F 


F 


F 


CF2CF2 


n-C4H9 


2520 


C^Hs 


F 


F 


F 


F 


CF2CF2 


n-CsHii 


2521 


C^H^ 


F 


F 


F 


F 


CF2CF2 


n-CsHis 


2522 


C2H5 


F 


F 


F 


F 


CF2CF2 




2523 


C2H5 


F 


F 


F 


F 


OCF2 


CH3 


2524 


C2H5 


F 


F 


F 


F 


OOF, 


C2H5 


2525 


C^Hs 


F 


F 


F 


F 


OCF^ 


n-C3H7 


2526 




F 


F 


F 


F 


OCF2 


n-C4H9 


2527 


C2H5 


F 


F 


F 


F 


OCF2 


n-CsHii 



20 



25 



30 
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10 



15 



20 



25 



30 



Example 


R" 






X' 


X' 


Z 


R' 


2528 


C2H5 


F 


F 


F . 


F 


OCF2 


n-CsHia 


2529 


C2HS 


F 


F 


F 


F 


OCF2 


n-CyHi5 


2530 


C2HS 


F 


F 


F 


F 


Bond 


CH3 


2531 


C2H5 


F 


F 


F 


F 


Bond 


C2H5 


2532 


C2H5 


F 


F 


F 


F 


Bond 


n-CsHy 


2533 


C2HS 


F 


F 


F 


F 


Bond 


n-C4H9 


2534 


C2H5 


F 


F 


F 


F 


Bond 


n-CgHn 


2535 


C2H5 


F 


F 


F 


F 


Bond 


n-CeH-ia 


2536 


C2HS 


F 


F 


F 


F 


Bond 


n-CyHi5 


2537 


n-CaHy 


F 


F 


F 


F 


Bond 


CH3 


2538 




F 


F 


F 


F 


Bond 




2539 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CsHy 


2540 


n-CsHy 


F 


F 


F 


F 


Bond 


n-C4Hg 


2541 


n-CsHy 


F 


F 


F 


F 


Bond 


n-CsHii 


2542 


n-CaHy 


F 


F 


F 


F 


Bond 


n-CgHia 


2543 


n-CsHy 


F 


F 


F 


F 


Bond 


n-C/His 


2544 


n-C4H8 


F 


F 


F 


F 


Bond 


CH3 


2545 


n-C4H9 


F 


F 


F 


F 


Bond 




2546 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CaHr 


2547 


n-C4H9 


F 


F 


F 


F 


Bond 


n-C4H9 


2548 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CsHii 


2549 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CgHia 


2550 


n-C4H9 


F 


F 


F 


F 


Bond 


n-CyHis 


2551 


n-CsHu 


F 


F 


F 


F 


Bond 


CH3 


2552 


n-C^H,, 


F 


F 


F 


F 


Bond 


CgHs 


2553 


n-CsHi, 


F 


F 


F 


F 


Bond 




2554 


n-CsH„ 


F 


F 


F 


F 


Bond 


n-C4H9 


2555 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CsHii 


2556 


n-CsHu 


F 


F 


F 


F 


Bond 


n-CfiHis 


2557 


n-CsHii 


F 


F 


F 


F 


Bond 


n-CyHis 
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Table 1 

Ae- and An values for substances of individual examples 



5 



10 



15 



Examole 
No. 


Ae 


An 


10 

(Comp. 33) 


-7.4 


0.186 


80 


-9.0 


0.116 


126 


-8.4 


0.100 


154 


-9.7 


0.107 


504 


-8.5 


0.124 


2198 


-10.7 


0.067 


2238 


-6.0 


0.070 



35 



